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TURBO-MIXER 


GENERAL 


TURBO-MIXER, oc division of 
GENERAL AMERICAN TRANSPORTATION CORPORATION 


FIRST “WINTERIZED” RESIN KETTLE 


7800-gallon TURBO-MINER installation at Reichhold Chemicals, 
Inc., plant, Elizabeth, New Jersey. This is the first outdoor resin 
cooker to operate continuously all year ‘round in a cold 
climate. Specially designed insulation by the Reichhold engi- 
neers suggests a more widespread use of outdoor production 
facilities in the North. 


“Cold-Climate” Turbo-Mixer 
Polymerizer now in continuous 
OUTDOOR operation 


The unusual problems encountered in 
this installation called for truly creative 
engineering. It required the ability to 
take mixing knowledge gained in a wide 
varicty of processing fields... to find 
the answers in 40 years of specialized 
mixing experience as well as in the en- 
gineering requirements of the problems 


at hand. 


Turbo-Mixer specializes in helping you 
do successfully the more difficult jobs re- 
quiring mixing of liquids with liquids, 
solids and/or gases. Write us for infor- 


mation on your specific problems. 


SALES OFFICE: 10 EAST 49th STREET, NEW YORK 17, NEW YORK 

General Offices: 135 South La Salle Street, Chicago 90, Illinois ° Offices in all principal cities 

OTHER GENERAL AMERICAN EQUIPMENT:—DRYERS* EVAPORATORS + DEWATERERS 
TOWERS + TANKS + FILTERS + PRESSURE VESSELS 
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FINE FILTERING 


Complete filter cake stability, and the ability of the Sparkler horizontal filter 
plate to accommodate any combination of filter media and filter aid with 
maximum efficiency is the reason Sparkler filters meet the most exacting 
requirements for fine filtering. 

The horizontal position of the filter plates permits the use of any kind of 
filter paper, cloths, or screens; and any grade of filter aid without precoating 
of fibrous material to hold the cake on the plate. There is no distortive strain 
on the cake at any time even with varying pressure, interrupted flow, or 
complete shutdown of filtering operation. 

This positive cake stability permits full attention 
to be given to just the right combination of filter 
media and filter aid to produce the required quality 
of fine filtration. A very thin precoat can be applied 
with low pressure, at a considerable saving in time 
and filter aid, and fine sharp filtration obtained 
immediately. The cake built up with reduced pres- 
sure is less dense and permits a greater flow rate 
than where pressure is required to hold the cake 
in position. No cracking, slipping, or breaking of 
the filter cake is possible on a horizontal plate. 

Complete recovery of product is obtained by “wash 
through” or “blowdown” of cake without removal 
from the filter. 

The Sparkler patented scavenger plate acts as an 
auxiliary filter with independent control valve, 
filtering each batch down to the last drop leaving 
no hold over in the filter. 

If you have a fine filtering problem our 
filtration engineers are ready to help you 
work out the solution. 


Write Mr. Eric Anderson 
for personal attention to your 
SPR particular problem. 


MANUFACTURING COMPANY 
Mundelein, IHlinois 
SERVICE REPRESENTATIVES IN PRINCIPAL CITIES 


Sporkler International, Ltd. Sparkler Western Hemisphere Corp. 
Prinsengracht 876 Amsterdam, Holland Mundelein, Ill., U.S.A. 


MANUFACTURERS OF FINE FILTRATION EQUIPMENT FOR MORE THAN A QUARTER OF A CENTURY 
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Our Hungry Engineers 


The constant and insistent need that 
engineers feel for any scrap of fact from 
which they may predict natural phe- 
nomena tends to develop a hunger for 
anything that even resembles a fact. This 
in turn may lead to a wolfish and glut- 
tonous attitude, a gobbling up of every 
statement or opinion, figure or formula, 
indiscriminately and incessantly. The 
result is often intellectual autointoxica- 
tion from “hunks and gobs” of unse- 
lected, undigested and indigestible ma- 


terial. Hardy Cross 


Engineers and Ivory Towers 


Directed Research 

Within the short space of ten years we 
have witnessed the phenomenon of the 
science departments of our universities 
gradually being drawn into research and 
development for practical ends. The 
problem is not so acute perhaps if the 
research undertaken is reasonably com- 
patible with the research activities of the 
universities and can be accomplished 
without major dislocations in either the 
research or teaching programs. In a 
number of instances, however, the de- 
mands upon universities for this kind of 
work have become so numerous and the 
magnitude of the work so great that it 
has been deemed necessary to separate 
this type of activity from the educa- 
tional core of the university. Some la- 
boratories for this purpose are even 
apart in geographic location from the 
university proper. This arrangement 
has the advantages of separating work 
of a practical nature from the educa- 
tional program which is largely con- 
cerned with fundamentals of science. It 
also makes possible easier recruitment of 
personnel, and a special administrative 
office to handle outside business. How- 
ever, it creates other problems, chief 
among which are: the employment of 
substantial numbers of research scien- 
tists and technicians without teaching or 
educational responsibilities; the diver- 
sion of graduate students from their 
normal study into special research activ- 
ities related to defense or other Federal 
interest; and a host of new prob- 
lems related to academic salary and ten- 
ure, summer work, and possible compe- 
tition with industry. The last can arise 
from a feeling that it is easy for such 
a research establishment also to handle 
industrial research problems. 

What to do about the situation has 
become a major question. Obviously the 
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CONTROL PANEL 

Hofman Liquid Oxygen Transport Unit 
Note the occessibility of all instruments on this control 
board. At top center is the motor driven LO, Pump, for 
the transfer of liquid from the oxygen container. Can 
handle 100 to 150 gallons per minute against a head of 
40 psig. Operates on a minimum of 15 psig suction head. 
Liquid level gauge is to the right. 


VACUUM PUMP 


This electrical motor driven vacuum pump permits evac- 
vation of the insulation space. A removable filter pre- 
vents particles of insulation or other foreign matter from 


Hofman Laboratories’ new semi-trailer mounted Liquid Oxygen 
and Nitrogen Transport Unit is an important contribution to the 
nation’s defense program as well as to thousands of industrial lab- 
oratories engaged in extreme low temperature work. In this 8 to 
12 ton capacity mobile unit Hofman has met ever-increasing 
demands for the storage, transfer and transport of huge quantities 
of liquid oxygen while maintaming a minimum of evaporation 
loss under all conditions. The equipment is designed to withstand 
severe shock loads, even when operating in the roughest terrain. 
This is just another example of how Hofman Laboratories is 
keeping pace with the rapidly developing low temperature field, 
and that is why Hofman is your logical supplier whether your 
requirements call for 8-ton mobile liquid oxygen units or simply 
5 litre containers. 
Remember . .. Hofman equipment means high performance 
in the low temperature field. For information on Hofman low 
temperature apparatus, instruments and plants write: 


hofman 


LABORATORIES, INC. 


Research Engineering, Design & Fabrication of Low Temperature Apparatus, 


Liquefication of Hydrogen, Nitrogen and Oxygen 


entering the pump mechanism. 


219-221 Emmett Street, Newark 5, New Jersey 
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THE INSTALLATION 


At The Great Western Sugar Company, Longmont, 
Colorado, plant, with Crane Iron Body Wedge Gate 
Valves on suction and discharge lines of juice pumps. 


THE CASE HISTORY 


Originally the Crane valves were installed on belt-driven 
pumps when the plant was built in 1903. In 1952, the 
old pumps were replaced. Nearly all the Crane valves 
were found in good condition and put right back in serv- 
ice on the new pumps. 

It’s no easy job these Crane 6 and 8-inch, 125-pound 
brass-trimmed gate valves have been doing since 1903. 
The plant operates on 80-day continuous beet sugar cam- 
paigns. In spite of intermittent operation, and with peri- 
odic routine maintenance only, the Crane valves never 
fail to operate freely, smoothly, and seat tightly. For 
50 years they have assured dependable, positive flow 
control in event of pump failure —and they’re still doing it. 


VALVE SERVICE ravines 


SUITABILITY: 


gob ov 50 


MAINTENANCE COST: 


SERVICE LIFE: 


OPERATING RESULTS: 


AVAILABILITY: 


THE VALVE 


Here is today’s model of these 
**50-year service record”’ 
Crane 125-pound iron wedge 
gates. Still made to the most 
rigid quality standards, these 
modern valves keep building 
unusual performance records 
in every industry. They come 
in patterns for every need. 
See your Crane Catalog or 
your Crane Representative. 


THE BETTER QUALITY...BIGGER VALUE LINE...IN BRASS, STEEL, IRON 


CRANE VALVES 


CRANE CO., General Offices: 836 S. Michigan Ave., Chicago 5, Illinois 
Branches and Wholesalers Serving All Industrial Areas 


VALVES + FITTINGS + PIPE - PLUMBING HEATING 
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| HYGIRTOL* Hydrogen Plant at 
Lever Brothers Company, Los Angeles. 
The process employed in this plant, 
developed by Girdler, supplies hydrogen 
continuously at purities exceeding 99.8%. 


if it’s process design and construction 
IT’S GIRDLER 


MAKE SURE your new processing facilities operate 

| efficiently, centralize responsibility with Girdler. We're 
equipped to handle the complete job—design, engineering, con- 
struction—to save you time and assure proper coordination, We 
translate basic process designs into production plants, particularly 
for high-temperature, high-pressure processes, involving corrosive 
materials. Put Girdler’s experience to work for you . . . for infor- 


mation call the nearest Girdler office today. 


*HYGIRTOL « trade mark of The Girdier Corporation 


the GIRDLER © «poration. 


LOUISVILLE 1, KENTUCKY 


GAS PROCESSES DIVISION: New York, Tulso, San Francisco 
In Canada: Girdier Corporation of Canada Limited, Toronto 
VOTATOR DIVISION: New York, Atlanta, Chicago, Son Francisco 
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THIS IS 


GIRDLER 


GIRDLER DESIGNS Processes and plants 
GIRDLER BUILDS processing plants 
GIRDLER MANUFACTURES Processing apparatus 


GAS PROCESSES DIVISION: 


Chemical Processing Plants 

Hydrogen Production Plants 

Hydrogen Cyanide Plants 

Synthesis Gas Plonts 

Cerbon Dioxide Plants Ammonium Nitrate Plants 

Gas Purification Plants Hydrogen Chloride Plonts 
Catalysts and Activated Carbon 


Plastics Materials Plants 
Sulphur Plants 
Acetylene Plants 


VOTATOR DIVISION: COMPLETE EDIBLE O11 PLANT 
CONTINUOUS PROCESSING APPARATUS FOR... 


Strained Food Bakery Ingredients Lubricating Grease 
Salad Dressing Confectioneries Paraffin Wax 

Soup Citrus Concentrotes Resins 

Margarine Chemicals Paper Coating 
lard Textile Size And other Products 
Shortening Shaving Cream 


THERMEX DIVISION: HIGH FREQUENCY DIELECTRIC 
HEATING EQUIPMENT APPLIED TO... 


Foundry Core Boking Rubber Drying and Curing 
Wood Bonding Plastic Preform Preheating 
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national security comes first, and 


all of the research and develop- 

ment that can effectively contri- 

bute to that end should be done. 

- i ZE D Nevertheless it may be pertinent 
to ask whether, in fact, the huge sums 


presently being appropriated directly for 
military research and development 


have taken adequate account of the 
—_- need for advancing the frontiers of 


science and for training young scientists 


e and engineers. It may also be pertinent 
to ask whether a greater effort in the 
e less expensive basic stages of research 


may not lead to reductions of effort ia 

the far costlier stages of development 

and prototype construction. Both the 

universities and the Federal Govern- 

ment should critically examine the 

question whether all the research that 

the universities are being asked to do is 

properly the kind of résearch that be 

longs in the universities, or whether 

i — hee. some of it might not more properly be 

LatestStandard = , Hee ey | carried on in Service laboratories or by 

National Science Foundation 
view Oo es 


End Chemical Co 
buildings. Annual 


production capac 7 The Role of Science 


ity is 200,000 tons 
products . 
> atte Contrary to a widely held notion, 


science, both in its results and in its 
method, presents a particularly fruitful 
field for the discovery and development 
of moral and spiritual values, especially 


27 aie the 28 Dryers used by because it plays such a dominant part in 


modern life. Not only does science as 


WEST END CHEMICAL COMPANY a method involve ethical qualities of the 


highest order, but its results have far- 


reaching social, moral, and spiritual 
are STANDAR [)-HERSEY 


1. Science teaching should lay the 
foundation for cause-effect thinking and 
To tap the fabulous sub-strata chemical resources of Searles Lake should replace superstition with fact. 
in California’s Mojave Desert, it was necessary for the West End ces Its method fives an opportunity 
Chemical Company in 1926 to bring in special custom-made ma- for the development of reflective think- 
chinery and set up a plant at the source of the raw product. The ing, intellectual honesty, open-minded- 
machinery had to be rugged and dependable because repairs and ness, and suspended judgment. 
replacement facilities were many long desert miles away. Laboratory projects offer rich opportun 

Vital to the West End process of manufacturing borates and ities for co-operation, courtesy, initia 
soda products is the use of rotary dryers. Their first dryer in 1926 tive, and personal integrity. : 
was a STANDARD-HERSEY. With modifications, that dryer is Teachers should emphasize the fact that it 
still in use today. Since then, West End has purchased 26 addi- science exists for man, not man for 
tional STANDARD-HERSEY rotary dryers. science. 

This case history is convincing proof of the dependability of 2. In addition to regular classroom 
STANDARD-HERSEY Dryers. Now celebrating its 50th year, and laboratory procedures, field trips 
Standard Steel Corporation manufactures more than 30 separate 


are productive of value appreciation. 
types of dryers for process industries throughout the world. Special Among the wide variety of field trips 
equipment can be engineered to fill special drying requirements. may be mentioned . . . visits to indus- 
trial plants, observation of the causes 
Standard-Hersey “pilot” drying facilities, utilizing | and results of erosion, visits to engineer 
our test plants, are available to both customers ing projects. 

and prospective customers. WRITE TODAY FOR 3. A fruitful source of values in the 
COMPLETE DRYER BULLETIN NO. 524. Sihd of science is the study of the lives 
of great scientists and their achieve- 
ments. W. C. Bower 


STAN DAR D STEEL COR PORATION Moral and Spiritual Values in Educetion 
5055 Boyle Ave. Los Angeles 58 * 7 East 42nd St, New York 55 Torn to page 12 
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Double wall sheathing 


in Fluor Counterflo Cooling Towers 
adds protection 
and lasting good looks 


Double wall construction provided on Fluor 
induced-draft cooling towers has a double 
meaning — protection and beauty. The outer 
wall consists of a double row of vertical Red- 
wood battens which are located four inches out 
beyond the inner wall. This protective casing is 
neat, symmetrical, eye appealing and greatly 
enhances the beauty of a cooling tower. It 
weathers uniformly. Unsightly stains and blem- 
ishes that mar a cooling tower's appearance are 
impossible. The equally spaced rows of battens 
also permit air circulation around walls to pre- 
vent dry rot, algae growth and other blights 
that attack unventilated cooling tower walls. 


The inner wall is constructed from | x 6 full Z 
lock-joint, select “heart” Redwood. Both walls 
are factory fabricated into panels for easy erec- 
tion. Sheathing is not nailed to outer posts but 
is bolted through the main tower columns. 
There is absolutely no structural load borne by 
tower walls, another factor which adds length 
to the life of a Fluor Cooling Tower. The neat, 
streamlined appearance of a Fluor Cooling 
Tower blends well with today’s modern indus- 
trial plant equipment. Contact your nearest 
Fluor representative, or write for details. 


INNER WALL 
< Top view of double wall. The uni- 
form spacing of vertical battens is not 


for the sake of appearance alone. Air 
wren ) 

is permitied to circulate between the 

aerators to prevent dry rot and living 


| WALL organisms from attacking tower walls. 
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Dri ycleaners for filtering solvent crystal-clear 


Mopern drycleaning plants have 
discovered that the prescription for 
keeping their cleaning fluid crystal- 
clear ... an absolute necessity if gar- 
ments are to be thoroughly cleaned 
... is Celite* filtration. 

The effectiveness of Celite can be 
attributed to these important factors 
which make it unique among filter 
aids: 

Carefully processed from the purest 
deposit of diatomaceous silica known, 


Celite is available in nine standard 
grades—each designed to trap sus- 
pended impurities of a given size 
and type. Whenever you reorder, you 
are assured of the same uniform, ac- 
curately graded powder received in 
your initial order. Thus, with Celite, 
you can count on consistent clarity 
and purity in your filtrates—at high- 
est rate of flow—month after month, 
year after year. 

Drycleaning solvent is just one of 


many liquids for which Celite has 
provided the absolute clarity vital to 
a successful operation. The proper 
grade of Johns-Manville filter aid 
will assure you the same results— 
regardless of the product or process 
involved. To have a Celite Filtration 
Engineer study your problem and 
offer recommendations, simply write 
Johns-Manville, Box 60, New York 
16, New York. No cost or obligation. 

*Reg. U.S. Pat. Off. 


Johns-Manville CELITE 


FILTER AIDS 
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“The slickest way of solving the pollu- 
tion problem,” according to the Mara- 
thon Corporation, Rothschild, Wisconsin, 
“is to convert objectionable material 
to something useful and then sell it.” 


In patented processes developed by 
Marathon, ligno-sulfonate recovered 
from sulfite spent liquor is converted 
into widely used dispersants. They are 
known as “Marasperse” and “Mara- 
cell.” 


Evaporation is an essential step in the 
process. A BUFLOVAK Triple Effect 
Forced Circulation Evaporator was de- 
signed especially for the job. Built 
entirely of stainless steel, this evapor- 
ator is equipped with automatic con- 


BLAW-KNOX 


Vol. 49, No. 6 


This BUFLOVAK Triple Effect Forced Circulation Evaporator concentrates 
Lignosulfonate for the Marathon Corporation. 


trols that simplify operation and help 
cut costs. The evaporator plays an im- 
portant part in converting spent liquor 
into a salable material at a profit. 


Every by-product recovery has its own 
peculiarities. Individual treatment is re- 
quired to obtain economical and suc- 
cessful results. Through the combined 
facilities of the BUFLOVAK Research 
and Testing Laboratories coupled with 
extensive field experience, BUFLOVAK 
Engineers design processing equip- 
ment for the most profitable results. 


There is valuable information on By- 
Product Recovery in Catalog 351. A 
request on your company letterhead 
will bring a copy to you free. 


BUFLOVAK BUILDS 
EVAPORATORS 
Low-Temperature 
By-Product Recovery 
Chemicals 

Food Product 
Crystallization 


DRYERS 

Vacuum Double Drum 
Vacuum Rotary 

Pilot Plant 
Atmospheric 


PROCESSING KETTLES 
Miners 
Impregnators 
Dopp Kettles 
Solvent Recovery & 
Distdlation Equipment 

SEND FOR CATALOGS 


RESEARCH AND TESTING 
LABORATORY 

To assist you in the solution of 
processing problems, BUFLOVAK 
offers the faciities of its Research 
and Testing Laboratory where 
smoll scale experimental units 
show you, before you buy, the 
commercial possibilities, dota on 
production cost, ond chorocter- 
istics of the finished product 


CO 


B 
BUFLOVAK E 
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No magic ...No magnetism... lapped wring fit of every 
Okadee Valve disc and seat must pass this test of a 
perfect sealing surface. (unretouched photo) 


..-.-Here’s What it Means to You in 
Terms of Valve Service 


Flat mating surfaces within .000005", or less, of every set of 
Okadee valve discs and seats mean absolute shut-off of any material 
from ammonia gas to asphalt. 


How long does this seal last in service? We honestly don’t know. 
Tests under working conditions with propane were stopped after 
269,000 operating cycles when no wear or seal failure could be 
detected. And Okadee valves do not have to be babied in service 
on corrosive or abrasive materials . . . Thousands of boilers have 
had Okadee blow-down valves in continuous, trouble-free service 
for fifteen years or more. If Okadee size-pressure-temperature 
ranges include your valve applications, Okadee installation will 
end your problems of valve performance once and for all. 

Okadee valves are available in single-disc (one direction) and 
double-disc (two directions) types; screwed or flanged; 2" to 6” in 
standard A.S.A. dimensions; steel or semi-steel bodies (other materi- 
als to order); stainless steel or stellite seat facings; levers, rack-and- 
lever, worm-gear, hydraulic, pneumatic, automatic on-off control. 


Write for Bulletin 332-F today! 


COMPANY 


332 South Michigan Avenue . Chicago 4, Illinois — 
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Believing Is Not Seeing 


Socrates defined the philoso- 
pher as a thorn in the flesh, and 
nobody is a creative thinker un- 

less continuously he has a thorn in his 
flesh, that is, unless he is disturbed by 
something. The thick-skinned people do 
no creative thinking ; to them everything 
is understood, they have no problems, 
nothing baffles them. 

What should we conceive our world 
to be if we restricted ourselves to so- 
called pure fact, if everything in which 
we believe were reduced to what we di- 
rectly inspect? Many people suppose 
that science restricts itself to directly 
cbserved facts. Yet nobody has ever 
directly inspected an electron. We all 
believe that this apparently empty space 
between us is filled with electromagnetic 
waves traveling at approximately 186,- 
000 miles a second. Nobody can claim 
directly to see these waves. Most of 
our scientific knowledge is knowledge of 
entities and processes and relations that 
are not given as pure fact but are only 
inferred. It is precisely for this reason 
that scientific knowledge of the western 
type is imaginative and creative in a way 
in which | believe that knowledge of 
classical Asia is not. 

F. S. C. Northrop 
The Nature of Creative Thinking 


Superman 


Most people are not aware of it, but 
the engineer is also a political, economic 
as well as social force. He is the 
fellow who really dissolves monopolies, 
redistributes the wealth, and dismantles 
political platforms. Over our history, 
one generation aiter another, men have 
been selected to office by being sequently 
“agin” the monopoly of canals, or rail- 
roads or anthracite coal or kerosene oil 
or slums or private development of water 
power. There were no doubt great evils. 
But I ask you who really remedied these 
evils? It was the engineer. He upset the 
canal monopoly with the railways; he 
upset the railways with the automobile, 
the airplane and the pipeline. He upset 
the anthracite monopoly with coke; he 
upset the monopoly in kerosene oil with 
the electric light. He assured that most 
of the streams would remain as scenery 
by making cheaper power with steam. 
Who makes possible the escape from the 
slums? It is the engineer with his park- 
ways, his bridges, his satellite towns. 
Who provided leisure for the housewife 
to play canasta and attend political meet- 
ings? It was the engineer with his 
household gadgets. 

Herbert Hoover 
The Journal of Engineering Education 
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Electrolytic Aids to 
CHEMICAL PROCESSING PROGRESS 


The newly designed, high capacity Hooker Type S-3 cells are playing 
an increasingly important part in the production of “workhorse” 
chemicals for the process industries. 


Uniformly high quality GLC Graphite Anodes are doing their share 
to help the electrolytic industry meet the ever increasing civilian 
and defense demands for chlorine and caustic soda. 


ELECTRODE DIVISION 
Great Lakes Carbon Corporation, 
Niagara Falls, N. Y. GLC Morganton, N. C. 
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Courtesy Hooker Electrochemual Company 


Sales office: Niagara Falls, N. Y. Other offices: New York, N. Y., Chicago, Ill., Pittsburgh, Pa. 


Sales Agents: J. B. Hayes, Birmingham, Ala., Gecrge O'Hara, Long Beach, Cal, Great Northern Carbon & Chemical Co. Ltd, Montreal, Canada. 
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Graphite Anodes, Electrodes and Specialties 


reasons why Trane 
dry-type fluid coolers last 


Correct metal selection 


A wide variety of types of metals are avail- 
able for highly corrosive applications. Coils 
can be supplied in combinations of cupro 
nickel, admiralty, red brass, copper, alumi- 
num, monel, steel, stainless steel and man 
other special metals. TRANE engineered prc 
ucts have solved corrosion problems of all 
types, yet obtained maximum heat transfer 
and maximum life from the fluid circuit. 


Permanently bonded fins 


In constructing the Extended Surface Coil— 
heart of the fluid cooler—TRANE bonds fin to 
tube mechanically. This bond is as permanent 
as the metals that form it and as strong as 
though fin-and-tube were one. Heavy support 
plates are used to reinforce and protect the 
coil and prevent tube sagging. And the exclu- 
sive TRANE Guide Flange cradles the coil to 
permit expansion within casing. 


3 Extra-rugged construction 


Framework of the TRANE Fluid Cooler is so 
strong it can be used for stationary or port- 
able installation without additional bracing. Its 
simple structural design permits fastest pos- 
sible erection. Yet it is more than strong 
enough to support core and accessories and 
withstand wind and shock load. Finish on the 
TRANE Fluid Cooler is a rubber-base paint 
that’s completely weatherproof. 


Trane Dry-Type Fluid Coolers cun be used profit- 
ably in hundreds of ways. Series GC for 
vertical discharge (shown above) is made in 
6 regular sizes with fan diameters ranging 
from 72” to 144”. 


Freedom from vibration 


TRANE Fluid Coolers run smoothly . . . quiet- 
ly. They stay sound and tight longer because 
TRANE engineers have virtually eliminated 
the causes of vibration. Here’s how: The 
variable-pitch fans are dynamically balanced. 
Solid, oversized fan shaft is firmly mounted 
in giant thrust bearings. Drive components 
are aligned at the factory and shipped assem- 
bled. Orifice ring is designed to match the fan. 


Jacket water cooling costs are 
eut to the minimum with the 
TRANE horizontal air stream 
Fluid Cooler. Series EC 

available in 14 sizes with fan 
diameters from 18” to 120”, 


pioneers in the science 
of heat exchange 


The Trane Company, La Crosse, Wis. e¢ East. Mfg. Div., Scranton, Penn. 
Trane Co. of Canada, Ltd. Toronto *« 87 U.S and 14 Canadian Offices 


MANUFACTURING ENGINEERS OF HEATING, VENTILATING, AIR CONDITIONING AND HEAT TRANSFER EQUIPMENT 
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UNIFORM HEAT 


FOR PROCESS INDUSTRIES 


DOW THERM gives you constant heat, controlled within 


fractions of a degree . . . eliminaies spoiled batches, 


uneven heating problems 


FAHRENHEIT 


Dowtherm”™ assures precise control over the entire pro- 
cess heating surface uniformly at temperatures up to 
750°F. With this modern heat transfer medium you can 
eliminate hot spots and overheating that cause ruined 
batches or runs... and save money on your heating 


costs, too. 


A liquid material used as a vapor heating medium in an 
entirely closed system, Dowtherm operates at high 
temperature, low pressure, and extends the advantages 
of ordinary steam-type heating to a much higher 


range of operating temperatures. 

Dowtherm was created by the Dow research team for 
the chemical, petroleum, paint, food and other process 
industries —has helped to increase production and even 
made possible new products. 


Countless installations have thoroughly proved the 
efficiency and cost reducing potentialities of Dowtherm, 
For complete information on these benefits and how 
they apply to your industry, write to THE DOW CHEMICAL 
COMPANY, Midland, Michigan, Department DO 3-3A. 


you can depend on DOW CHEMICALS J 
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Pkt Yi “AC. 


FOR ADDITIVES OR CHEMICAL REAGENTS 


Adjust-O-Feeder 


Model 1105-S 


@ LOW COST This new, compact proportioning pump, by 
@ COMPACT %Proportioneers, Inc.%, is inexpensive and 


Built-in standard motor — no separate meets most requirements for a low capacity, 


gearbox or couplings. 


medium pressure chemical feed . Th 
Built-in oil-enclosed gear reducer. 


standard Model 1105-S has a’ capacity range 
MICRO-STROKE ADJUSTMENT 
Scale easily read —crank and connecting from 1 to 10 GPH and will discharge against 


rod operate in horizontal plane. pressures up to 650 psig. For lower feeds, the 
@ LONG LIFE AND EASY MAINTENANCE unit is available with a range of from 0.5 to 5 


One-piece Meehanite iron frame for GPH. Complete and self-contained, Model 
positive alignment of all moving parts. 


Double check valves on suction and 1105-S weighs less than 100 Ibs. and is ready 
discharge easily removable. to operate. 


Ask for Bulletin 1105 


Write to %PROPORTIONEERS, INC.%, 419 Harris Ave., Providence 1, R. I. 
Technical service representatives in principal cities of the United States, Canada, Mexico and other foreign countries. 


Page 16 Chemical Engineering Progress June, 1953 


-_™ 


AN ANSWER REQUIRES QUESTIONS 


In almost every talk we give, and in many conversations 
we have with our members on the problems of publishing an 
engineering magazine, the question is invariably asked, “Why 
don't vou sell more advertising?” It is a good question, one 
we like to try to answer, for it stems from the realization 
that to provide the chemical engineering profession with the 
kind and volume of articles it needs, Chemical Engineering 
Progress must have revenues other than our subscription fees 

Perhaps (iis month is as good a time as any to go into the 
and tell 
our members just what is involved. It is especially apt also, 
for in the news section we have begun a new reader inquiry 


problem of why we don’t sell more advertising,” 


service on advertised products. 

First and foremost, advertising is placed in a magazin 
such as ours to sell a product or service. Advertising gets 
itself into the magazine through a business approach by out 
advertising salesmen based on the service we render month 
after month to the chemical engineers of the nation. Their 
sales efforts are backed up to the limit of our resources with 
direct mail, our own advertising in marketing magazines, 
and other normal sales aids. 

This has worked up to a certain point. “C.E.1’.” began its 
life in 1947, and has made substantial headway in the numbet 
of advertising pages it carries. During the past twelve 
months it has carried more than two and one-half times 
the amount of advertising carried in its first year of publi 
cation. 

Sut even though we are publishing more than ever before 
developments and techniques in our field are booming, and 
pressures for publication build up quickly and powerfully 
It is our opinion that chemical engineering, as a profession, 
is being limited by its imadequacy to publish sufficient sig- 
nificant material promptly. To do the needed job means more 
money, and to get money means more dues, a philanthropic 
giit, or more advertising. 

More dues at best would be a temporary solution, and this 
is probably more apparent to an editor because of the advan 
tage he has in seeing the amount of engineering literature 
which could be encouraged into publication if the proper out 
lets were available. Philanthropy is likewise a thin hope, for 
unfortunately chemical engineering is growing up in a time 
when large personal fortunes are either not being created or 
are being drained away in taxes. The only permanent solu- 
tion to the problem of an adequate chemical engineering 
literature is the creation of magazine properties which 
through their appeal to the reader, month after month, and 
year after year, attract the best in readers and in advertising. 

This we are striving to do, and while the distance to the 
goal is great, we believe we are on the right path. But the 
selling job has its difficulties. We mentioned before that ad- 
vertising is placed in a magazine to sell something. This 
is true, and it puts our readers in the position of being double 
customers ; they are the customers of the editorial program ; 
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Opinion and comment 
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thev are also customers of the advertising me ssages And the 
appeal of the one directly influences the other, for one of 
advertising’s standard measures of 
response to the 


a magazine's value ts 


reader advertising message. The new 
emphasis on inquiries in our field has given rise to services 
in the magazines designed to make the asking of a ques 
tion about a product 


a simple thing, services such as our 


Data Service and the new service on our advertisers’ 
products. 

So when it comes down to the final analysis of which 
magazine is to receive advertising support, the advertising 
buver uses the same techniques as the engineer—he often 
coldly calculates the book best for him as far as cost of 
inquiries and expected sales is concerned 

But books such as ours are at a disadvantage when it 
selling. We publish the difficult--the 


solid material which requires study but which at the same 


comes to titive 


time is so essential to the success of the chemical industry that 
to cease its publication would invite stagnation and ultimately 
disaster for us as We publish 
heat transfer equations secure in the knowledge that the 
engineer, who understands them and uses them, 1s the man 
who specifies the equipment which is 


a field and as a protession 


ultimately purchased, 
We know when we print new studies on distillation columns 
that it is only a matter of time before the equations are trans 

lated into production equipment hundreds of feet high. Our 
studies reach men who not only have the education to undet 

stand, but who also have the responsibility finally to pick and 
choose locations, new materials, products, equipment, and 
We know that our readers exert a powerful buying 
influence. We further know that the chemical engineers who 
belong to the American Institute of Chemical engineers are 


markets 


the best engineers in the profession, and as we visit with 
them across the country, we are impressed with the work 
they do—the plants they manage 
and the easy 


the equipment they buy, 
familiarity they show with production tools 
and applications 

“CLE.P.” has an extremely high home-readership. Since 
12,000 of our 17,000 readers are members of the A.LCh.E., 
and since such membership is a personal affair 
ire usually sent to the home. Hence 


magazines 
when our typical reades 
-ees something of interest to him, he is away from the routine 
of the office, and the ability to write a letter of inquiry easily 

So, since inquiries have assumed such importance in selling 
advertising. and since our readers buy so much in equipment, 
services, and chemicals, it seemed logical to the editor and 
the sales force to tap, in an easy fashion, the economic influ 
ence of our chemical engineering membership. We hope that 
you, as an important member of industry's team, use these 
inquiry services for your legitimate information needs. By 
so doing the profession is encouraged, and the vital literature 
is being served. 

Here is the answer then to the question why don't you 
sell more advertising? In short, it is not only dependent 
on a good selling job, but it requires evidence from the reader 
that our editorial content is to his best interest and interests 


Page 277 


INTALOX SADDLE PACKING 
DISTILLS 107% MORE CHARGE 


LESS TIME 


Field experience is consistently bearing out earlier test data reflecting the 
greater efficiency of Intalox Saddle Packing. But it is infrequent to have 
such excellent comparative data as that furnished us by a major manufac- 
turer of organic chemicals. 


Two column stills with identical colutin and condenser characteristics dis- 
tilled the same materials side by side, under carefully controlled duplicate 
conditions. The Towers were 19” ID with a packed height of 32°. Steam 
pressure in the coils was 100 psi-g in both cases. The only difference was 
that Tower “A” was packed with 1” chemical porcelain Intalox Saddles, 
Tower “B” with 1” chemical porcelain Berl Saddles. 


Tower “A” handled a 10% greater charge in 10% less time than Tower 
“B”" with product specification equal. 


The substantially lower pressure drop through Intalox Saddles results from 
the unique, patented design, which provides a greater degree of randomness 
in packed beds. No two pieces can fit exactly into the other. Pattern packing, 
nesting, over-lapping and “blocked” areas are held to a minimum. The 
greater total surface area of Intalox Saddles is thus accompanied by greater 
available surface area to liquor and gas. Greater operating economies, higher 
product yields, and favorable HTU factors, establish Lntalox as the pre- 
ferred packing. 


are the comparative figured 


CONDENSER 
PRESSURE 


Relative 


Steam ‘emp. 


Type Pot Condenser | Pressure ( 100 pei 2 Driving 


of Pressure | Drop Ap 338°F) | Force, as 
Packing . Hg. | mm. Hg. | mm. Hg. minus ~ 
Pot Temp. | Saddles 


PRODUCT No. | 


1” 448° 
Intalox 18 . —234° 
Saddles 104° 


1” 348° 
—267° 


Berl 
Saddles 71° 


338° 


Intalox 
Saddies 108° 


1” 338° 
— 264° 


Berl 3 
Saddles 7a" 


POT PRESSURE 


STEAM 
PRESSURE 


PACKED 
TOWER 


TEMP DIFF At =T 


Steam 


T Por 


REFLUX 


PRODUCT TAKE-OFF 


INTALOX OFFERS: 
Lower Pressure Drop 
Higher Flooding Limits 
More Surface Area 
Greater Free Space 


More Area Accessibility 
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Performance of a Pulse Extraction Column 


R. M. Cohen and G. H. Beyer lowa State College, Ames, lowa 


liquid-liquid extraction 
processes have been used indus- 
trially to great advantage as a means of 
chemical separation and _ purification 
where operations such as distillation or 
adsorption are impractical. 
design for continuous 
extraction is largely 
s methods for obtain- 
ing a high inter:.cial area between the 
two liquids contacted. Greater efficiency 


Equipment 
countercurrent 
based upon vari 


or improved mass transfer is usually 
achieved by increasing the degree otf 
mixing of the two phases. In spray col 
umns, this is brought about by dispers 
ing one liquid as droplets in the second 
liquid, while packed columns increase 
the turbulence of flow and the film sur 
face area by utilizing packing. Mixer 
settler equipment takes advantage of 
stagewise contact in alternate mixing 
and settling units, whereas pertforated- 
plate towers are essentially vertical 
mixer-settlers in which successive dis- 
persion and are accom- 
plished by perforated plates. In the 
latter, as well as in spray, packed, and 
baffle-type columns, low stage efficien 
cies are encountered because of the poor 
mixing resulting from counterflow oi 
the two phases past each other by virtue 
of their density difference alone. 
Recently various mechanically pow- 
ered devices having higher throughputs 
and than conventional ex- 
traction columns have been built. The 
Podbielniak centrifugal contactor util 


coalescence 


efficiencies 


izes a high-speed rotor containing a per- 
forated spiral ribbon for mixing and 
separating the two liquids, while the 
Scheibel column consists of alternate 
mixing and coalescing zones in a ver- 
tical tower fitted with a central rotating 
shaft on which agitators are mounted in 
the mixing sections. The presence of 
moving mechanical parts in these and 
other powered contactors, poses repair, 
leakage, and servicing problems which 
are particularly objectionable if radio- 
active or highly corrosive solutions are 
to be processed. 


R. M. Cohen is now associated with General 
Electric Co., ANP Project, Evendale, Ohio. 
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A continuous countercurrent liquid-liquid extraction column containing perforated 
plates was operated with a pulsed liquid phase. The effects of operating variables 
upon extraction efficiency and column capacity were investigated. Cyclic pulsa- 
tions were imparted to the liquid in the column through a tee in the stream entering 
at the bottom by means of a cam-driven bellows pulsator and a diaphragm pump 
with checks removed. The function of the pulsations was to produce counterflow 
of both phases through the plate perforations and to provide a high degree of 
dispersion and turbulence by the continuous formation of fresh interfacial surface. 


Values of H.E.T.S. as low as 9.9 in. were obtained with water as the continuous 
phase, and capacities as high as 660 gal./sq.ft./hr. were achieved. In general, 
pulse column operation was found to be most efficient at high flow rates and 


moderate to high pulse frequencies. 


G. H. Beyer is an associate professor of chemical engineer- 
ing at lowa State College and an associate engineer with the 
Institute for Atomic Research, operated by lowa State College 


under contract with the Atomic Energy Commission. 


After 


obtaining a B.S. degree from the University of Wisconsin in 
1944, he received a commission in the Naval Reserve and was 
sent to Oak Ridge, Tenn., to work on the electromagnetic 
separation of uranium isotopes. Four years later Dr. Beyer 
received his Ph.D. from the University of Wisconsin; since then 


G. H. Beyer 


he has been at lowa State. 


R. M. Cohen received his B.Ch.E. from Clarkson Tech. in 
1951 and his M.S.Ch.E. from lowa State College in 1952. 
While at lowa State on a research assistantship, he worked 
at the Ames Laboratory of the A.E.C. in the field of liquid 


extraction. 


He is now working at the General Electric Co. 


Aircraft Nuclear Propulsion Project. 


In a patent by Van Dijck (13), a per 
forated-plate column is described in 
which the entire plate assembly is vi 
brated vertically to increase agitation 
between the two immiscible liquids. The 
same patent describes the use of fixed 
plates and a pulsed liquid phase. This 
latter modification has been designated 


a “pulse column” (2). Several atomic 
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energy installations have built and oper- 
ated such perforated-plate pulse col- 
umns, but the details have not been pub 
lished (2-4, 6, & 10, 11). Feick and 
Anderson (5) studied the performance 
of a packed extraction column in which 
reciprocal motion was imparted to both 
liquids by means of an eccentric-driven 


diaphragm at the base of the column. 
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Similar work with a packed pulse col- 
umn has been performed by Von Berg 
and Wiegandt (14) at Cornell Univer 
sity. Their results indicate that the col 
umn height required to effect a given 
extraction is reduced by a factor of five, 
in some instances, under pulsating con 
ditions. No performance data for per 
forated-plate pulse columns were found 
in the unclassified literature. 

The plate perforations in a pulse col 
unin are small enough so that counter 
flow of the two phases will not occur 
from density difference alone, but an ad- 
ditional force must be applied to over 
come the resistance to flow. A_ cyclic 
pulse, usually imparted to the light-liquid 
stream entering the bottom of the col 
umn, produces alternate surges of liquid 
in both directions. Thus countercurrent 
flow occurs because of density differ 
ence in the region between successive 
plates and because of mechanical puls 
ing through the plate perforations. 

Between pulsations at low pulse fre 
quencies the two phases separate into 
two distinct layers in each section be- 
tween adjacent plates. On the upsurge 
of the pulse cycle the lighter phase be- 
neath each plate is dispersed into the 
heavier phase above each plate. The 
droplets rise through this layer and co 
alesce beneath the plate above. On the 
downsurge the heavy phase is dispersed 
downwards through the lighter layer in 
a similar fashion. Neither phase may 
be considered truly continuous in the 
column as both move countercurrently 
from plate to plate by alternate disper 
sion and recoalescence. Since fresh sm 
face is created with each pulse, mass 
transfer rates can be greater than for a 
similar packed or spray column. 

At higher pulse frequencies reco 
alescence between pulses is incomplete, 
and the distinction between continuous 
and discontinuous phases becomes more 
apparent. The degree of dispersion and 
turbulence are both increased, resulting 
in higher extraction efficiencies. Greate: 
throughputs are also obtainable with the 
increased pulsing capacity that accom 
panies the use of higher frequencies. By 
proper combinations of pulse displace 
ment and frequency, a great variation in 
flow behavior may be achieved. Changes 
in these variables may be likened to 
changes in the packing characteristics 
for packed columns. 

Because of encouraging results with 
pulse columns in the atomic-energy pro 
gram, an unclassified investigation on a 
laboratory-scale column was undertaken. 
The major purpose of this investigation 
was to study the operation and perfor- 
mance of a pulse column as a function 
of flow rates, pulse amplitude and fre- 
quency, capacity, and column holdup 
with a convenient test system: water- 
boric acid-isoamyl alcohol. Variables 
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such as hole size and plate spacing were 
not studied. 


Investigation 
DESCRIPTION OF APPARATUS 


A 20-in. section of 1-in. Pyrex 
two 4-in. flanged end sections, of 1'2-in. diam. 
was assembled and fitted with Soran end plates 
containing standard ‘4-in. Saran threaded fit- 


tings. 


pipe with 


A central ‘e-in. Lucoflex rod, supporting 
ten Lucoflex plates separated at 2-in. intervals 
by meons of 5-mm. glass tubing, was inserted 
The 1-in. 
diam. Lucoflex discs were punched from 1-mm. 
sheet and drilled with fifty-three 0.040-in. per- 
forations / plate. 


in the 20-in. section of the column. 


This corresponded to approxi- 
mately 9% free area. All gaskets were of 
Teflon or polythene, and all tubing was either 
All metal 


parts including valves were of stainless steel. 


glass, Tygon, Saran or fluorothene. 


The pulse column and auxiliary equipment are 
shown in Figure 1. A nitrogen cylinder (A) was 
used to pressurize a 10-gal. glass-lined steel tank 
(B) containing isoamyl alcohol-boric acid feed 
solution. The alcohol feed was metered by 
means of a rotameter and needle valve (C) be- 
fore entering a diaphragm pump pulsator (D). 
By maintaining a pressure of 10 Ib. /sq.in. gauge 
on the feed tank, pulsation of the rotameter 
float was kept to a minimum. Since the top of 
the column was open to the atmosphere, only 
the liquid in the column and in the section be- 
tween the diaphragm pump (D) and the feed 


entrance (E) was pulsed. A perforated inlet 
tube at the feed entrance served to disperse the 
pulsed liquid. The alcohol raffinate stream left 
the settling section ot the top of the column 
through an overflow tube (F). The heavy liquid, 
distilled water, was metered through a needle 
(G) 
15-gal. carboy. Since this line was not pulsed, 


valve and rotameter from an overhead 


pressurizing was unnecessary, and flow was 
maintained by a hydrostatic head of about 10 
ft. The water then entered the top of the 
column (H), and the aqueous extract stream was 
taken off through a flexible leg (J) consisting of 
a section of Tygon tubing leading from the 
bottom of the column to a ““Y” connection which 
ther length 
of Tygon tubing from the open “Y” down to 


Pp 


was open to the at e and 


the receiving vessel. The position of the inter- 
face was controlled by varying the height of the 
flexible leg, which changed the ratio of the phase 
volumes in the column. 

For the majority of the runs a diaphragm pro- 
portioning pump was used as the pulsator. The 
inlet and outlet checks were removed from one 
of the Saran reagent heads of a Proportioneers 
duplex heavy duty Chem-O-Feeder in order to 
produce clternate surges of liquid in both direc- 
tions. Pulse amplitudes were varied between 
0.10 and 0.60 in. by turning a stroke-length 
adjusting knob. A 3-step cone pulley and belt, 
connected to a '‘s-hp. induction motor, gave 
pulse frequencies of 17, 35.5 and 72 cycles/min. 

Another pulsator unit was built in order to 


provide a greater range in pulse amplitude and 


Fig. 1. Photograph of pulse 
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Fig. 2. Cam-driven 


This 
mechanism, shown in Figure 2, consisted of a 
4.7-in. bellows 
actuated by a motor-driven cam via a lever. 


© continuously variable frequency control. 


diam. Fulton-Sylphon brass 
Pulse amplitudes were varied between 0.10 and 
2.00 in. by means of a screw control which deter- 
mined the position of the fulcrum under the 
A Graham 


was used to select 


lever. variable-speed transmission 


the desired frequency. In 
order to prevent contact of the column liquids 
with the brass bellows, a diaphragm cssembly 
containing a 7-in.-diam. polythene-lined, neo- 
prene diaphragm was inserted in the line be- 
The bellows 


side of the assembly was water filled so as to 


tween the bellows and the column. 


transmit the pulse, hydraulically, to the dia- 
phragm without dampening. This unit was satis- 
factory at low pulse frequencies (17 cycles /min.), 
but at higher frequencies the output torque of 
the variable-speed transmission was not great 
enough to overcome the inertia of the bellows. 
the 
pump wos used in the runs ot 35.5 and 72 


Consequently, diaphragm proportioning 


cycles /min. 


OPERATING PROCEDURE 


The feed tank was filled with isoamyl alco- 
hol-boric acid solution mode up to a concentra- 
of boric 
acid. The distilled water valve was opened and 


tion of approximately 0.008 g./mi 


the pulsator was started in order to fill the 
column with the continuous phase. When the 
liquid level in the column wos neor the top of 
the the 
shut off and the pulse amplitude was adjusted 


l-in.-diam. section, liquid flow was 
by measuring the toto! linear displacement of 


the upper interface. Pulse amplitudes were 
checked similarly at the completion of each run. 
The feed tank was then pressurized to 10 Ib./ 
sq.in. gauge with nitrogen, and both flow rates 
were regulated by stainless steel needle valves. 
Calibrated rotameters were used for metering 
both liquids, while the flow rates were more 
accurately adjusted during the early part of 


eoch run by timing measured volumes of the 
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bellows pulsotor. 


effluent streams. Since the distilled water solv- 
ent was previously saturated with pure isoamyl 
alcohol and the alcohol feed was saturated with 
water, no significant volume changes took place 
The 
tained ct a constant level by adjusting the 
height take-off leg. 
Steady-state operation was achieved after 4 to 5 


during extraction. interface was main- 


of the flexible aqueous 


changeovers of the continuous phase. Samples 
were collected from both effluent streams 3 hr. 
after start-up to insure the attainment of equi- 
librium conditions. Analysis for boric ocid was 
by the procedure recommended by Kolthoff and 
Sandell (7). For the low-flow fluid 
3-hr. run permitted 5 to 6 changeovers at 10 cc 


(water), o 


min., and 12 to 14 changeovers at 25 cc./min 
Both flows were then shut off and the pulsator 
disconnected while the column was drained into 
ce graduated cylinder in order to measure the 
The 


liquid in the end sections wos included in the 


ratio of phase volumes in the column. 
holdup inventory, and os such the values ob- 
tained were not true holdup ratios. However, 
since the phase volumes in the end sections 
the the 
measured volume ratios served to indicate the 


remained constant throughout runs, 
trends in this variable with changes in the other 


parameters. 


CALCULATION OF EFFICIENCY OF TRANSFER 


Performance data for design purposes 
may be expressed in terms of H.E.T.S 
(height 
stave) or H.T.U. (height of a transfer 
unit). While H.E.T.S. varies consider- 
ably with the properties of the system in 
an unpredictable manner, H.T.U. data 
better 
this method is inherently more consis 


equivalent to a_ theoretical 


are correlated somewhat since 
tent with the actual extraction picture 
However, the practicability of H.T.U 
correlational procedures is limited be 
cause of the lack oi experimental data 
on individual film 


and film H.T.U.’'s 


transfer coefficients 


Thus, although the 
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H.E.T.S. concept is fundamentally un- 
sound when applied to operations where 
the concentration changes differentially 
with height, it is often used for design- 
continuous 
since H.E.T.S. values 
computed than H.T.U.’s. 


ng extraction 


equipment 
are more easily 
this values of 
H.E.T.S. were used to express extrac- 
Over-all H.T.U.’s were 
for comparative pur- 
the equilibrium line was 
shown to be straight (7), and the oper- 
ating line could be assumed straight 
when using alcohol saturated with 
water and water saturated with alcohol, 
an analytical solution of the McCabe 
Thiele method used to more 
accurate results than the usual graphical 
procedure (/, 9, 12). The following 
equations were used for the special case 


In investigation 
tion efficiencies. 
calculated 

Sines 


ses. 


was give 


of solute-free solvent with the operating 
line above the equilibrium line (extrac 


tion from alcohol into water) 


log ( ) 


(1) 


where m. 


(2) where a 


vy 
1 the above equations, 


number of theoretical stages 

slope of operating line determined 
by analysis 

0.2909 


al- 


slope of equilibrium line 


concentration of boric acid in 
cohol phase 

1 and 2, subscripts, refer to the lower 

and higher 


spectiy ely. 


concentrations, re 


H.E.T.S. values were calculated by 
dividing the number of theoretical stages 
thus obtained into the column height. 
Over-all H.T.U.'s were computed di 
rectly from values of H.E.T.S. the 
following relations, which are valid only 


by 


for straight operating and equilibrium 
lines : 


(3) where a 


(4) where a 


(H.T.U.)o,= H.E.T.S. 


(5) where a 


(H.T.U, 


loa 


m 


the 
and 


In above equations the subscripts 
OG OL refer to over-all 
based on the dispersed and continuous 
phases, respectively. 


values 
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Run 
No. 


19 
16 


6 


Run 
No. 


36 
25 
39 


Water Alcohol 


rate, 
(ce. /m 


10 
10 
10 
10 


rate, G Holdup H.E.T.S. 
in.) (ce./min.) ratio (in.) (in.) (in.) 
10 0.130 21.2 12.2 41.8 
15 0.120 216 149 33.1 
25 0.158 20.8 17.8 24.5 
40 0.173 21.5 22.9 20.2 
60 0.196 19.4 249 15.4 
100 0.214 15.1 26.9 9.3 
120 0.283 16.2 32.6 9.2 
15 0.123 21.0 98 58.4 
20 0.143 25.3 13.4 56.6 
25 0.143 28.3 17.1 519 
50 0.212 26.7 21.4 34.0 
75 0.294 28.4 26.1 31.0 
15 0.136 154. 59.2 628. 
25 0.173 35.1 16.1 100. 
35 0.216 27.9 14.0 68.5 
42.2 0.262 32.9 17.7 72.0 


0.20 in. 


Water Alcohol 


rate, rate, G Holdup H.E.T.S. 
(ce./min.) (ce./ min.) ratio (in.) (in.) (in.) 
10 25 0.194 13.0 11.7 14.5 
10 50 0.219 13.8 17.5 WI 
10 75 0.318 11.8 18.6 79 
10 100 0.311 10.5 19.4 6.3 
10 150 0.338 WI 26.1 57 
25 25 0.228 13.1 78 24.9 
25 50 0.263 14.1 11.3 17.9 
25 75 0.297 13.5 13.1 14.0 
25 100 0.234 14.0 15.7 12.6 
25 150 0.340 12.1 17.0 8.9 


Constant Flow Rates 


ALCOHOL FLOW RATE = 50 cc./min. 
WATER FLOW RATE 10 cc./min. 
CONTINUOUS PHASE: Water 


Pulse Pulse 
Run frequency amplitude Holdup H.E.T.S. 
No.  (cycles/min.) (in.) ratio (in.) (in.) (in.) 
24 72 0.15 0.165 18.4 22.8 15.0 
25 72 0.20 0.219 13.8 17.4 WwW. 
29 72 0.30 0.381 12.0 14.7 99 
31 72 0.40 0.450 11.5 13.6 98 
27 35.5 0.15 0.152 22.2 27.2 18.3 
26 35.5 0.20 0.151 17.7 21.6 14.7 
28 35.5 0.35 0.222 15.1 18.8 12.3 
30 35.5 0.45 0.298 12.3 14.9 10.3 


Table 4.—Effect of Continuous Phase on Extraction 


ALCOHOL FLOW RATE 75 cc. ‘min. 


WATER FLOW RATE 25 cc./min. 
Pulse Pulse 
Run frequency plitud Conti H.E.T.S. 
No (cycles/min.) (in.) phase (in.) 
35 72 0.20 Water 13.5 
42-8 72 0.20 Alcohol 29.0 
45 35.5 0.45 Water 99 
43-8 35.5 0.45 Alcohol 247 


Chemical 


Table 1.—Effect of Flow Rates on Extraction and Holdup at a Low Pulse Frequency 


PULSE FREQUENCY = 17 cycles/min. 
PULSE AMPLITUDE 0.35 in. 
CONTINUOUS PHASE: Water 


Material 
balance 
(% error) 


+0.06 
+2.04 
+-0.05 
—1.29 
—3.03 
—0.24 
+0.43 


—3.72 
+1.52 
+ 8.54 
+4.32 
—1.57 


+6.39 
+7.69 
+0.21 
+0.09 


Table 2.—Effect of Flow Rates on Extraction and Holdup at a High Pulse Frequency 


PULSE FREQUENCY 72 cycles/min. 
PULSE AMPLITUDE 
CONTINUOUS PHASE: Water 


Material 
balance 
(% error) 


+-7.20 
+3.63 
+2.61 
+1.58 
-+-0.97 


+ 6.58 
+6.26 
+3.99 
+3.70 


Table 3.—Effect of Pulse Amplitude and Frequency on Extraction and Holdup at 


Material 
balance 
(% error) 


+ 1.82 
+3.63 
+0.75 
—2.25 


40.77 
+0.39 
42.38 
—0.26 


Material 
balance 
(% error) 


+446 
+-0.88 


+1.31 
+1.79 


Engineering Progress 


PERFORMANCE DATA 


Experimental runs were planned in 
such a way that the effect of each var- 
iable on column performance was inves- 
tigated separately in a series of runs in 
which the other variables were held 
constant. In order to cover a range of 
column operation adequately, the method 
of attack was to study each variable 
between its minimum and maximum 
values for representative low, moderate 
and high values of the other parameters. 
Several preliminary runs were made to 
study flooding behavior under various 
flow and pulse conditions so that operat- 
ing limits might be approximated be- 
forehand and extraction runs planned 
accordingly. 


Effect of flow rates. Three series of extraction 
runs were made in which alcohol (dispersed) 
flow rates were varied over the entire permis- 
sible operating range at constant pulse condi- 
tions of 17 cycles/min. and 0.35-in. amplitude. 
Although the alcohol phase recoalesced between 
pulsations into a layer ‘4-'2 in. thick beneath 
each plate, as shown in Figure 3, it was for 
the most part in a state of dispersion. The three 
sets of runs were made at constant aqueous- 
phase flow rates of 10, 25, and 50 cc./min., 
respectively, and the maximum alcohol flow 
rate in each series was just below that producing 
incipient flooding in the aqueous effivent stream. 
Extraction os well as holdup data for these runs 
are presented in Table 1 where holdup ratios 
ore defined as: volume of discontinuous phase 
per vol 
Results of two similar series of runs made at 


of conti phase in the column. 


72 cycles/min. and 0.20-in. amplitude, for con- 
stant continuous-phase flow rates of 10 and 25 
cc./min., are presented in Table 2. 

Figures 4 and 5 show the effect of dispersed 
phase flow rate on H.E.T.S. at both high and 
low pulse frequencies for continuous phase flow 
rates of 10 and 25 cc./min., respectively. These 
data were also corvelated in terms of over-all 
H.T.U.’s, which were plotted in Figure 6 as 
(H.T.U.)oo vs. the ratio of the slope of the equi- 
librium line to that of the operating line, on 
logarithmic coordinates. The slope of the oper- 
ating line was determined by analysis. Since 
the slope of the equilibrium line is constant 
(m = 0.2909), Figure 6 essentially indicates the 
dependence of (H.T.U.)oc upon the flow ratio 
G/L raised to some power. Pulse conditions, as 
@ parameter in such a plot, are entirely analog- 
ous to the “packing characteristics” parameter 
frequently used in similar correlations of packed 
column performance data. It is to be noted in 
Figure 6 thot, whereas the data at the high 
pulse frequency appear to be a unique expon- 
ential function of G/L regardless of individual 
flow rates, the data at the lower pulse frequency 
seem to group into separate lines, each repre- 


at 


g a constant conti phase flow rate. 
At 72 cycles/min. and 0.20-in. amplitude, the 
data are best expressed by the equation: 


(H.T.U.)oo = 8.32(G/L)"™ in. (6) 


Figure 7 shows the effect of flow rates on 
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volumetric holdup ratio. An increase in either 
flow rote increases the dispersed phase holdup, 
and flooding is approached rapidly with an in- 
crease in dispersed phase flow rate at high 
Thus for L 50 


cc./min. flooding occurred at G 45 cc./min., 


continuous phase flow rates. 
while for L 10 cc./min. values of G as high 
os 125 cc./min. were obtained at incipient flood- 
ing. 
cycles min.) incipient flooding took place at a 


For the low pulse frequency used (17 


holdup ratio of approximately 0.30, regardless 
of flow rates or ratios. At higher frequencies, 
clear-stream operation was observed with holdup 
ratios as high as 0.50, allowing greater through- 


put. 


Effect of pulse amplitude and frequency. 
A series of runs was made at constant continu- 
ous and discontinuous flow rates of 10 and 
50 cc./min., respectively, to determine the effect 
of pulse amplitude on H.E.T.S. and holdup ratios 
at frequencies of 35.5 and 72 cycles/min. These 
data are tabulated in Table 3 and plotted in 
Figures 8 and 9. It is seen that extraction effi- 
ciency is greatly improved by an increase in 
either pulse amplitude or frequency. At 72 
cycles/min., values of H.E.T.S. dropped rapidly 
with an increase in pulse amplitude between 
0.15 and 0.30 in., but any further increase had 
relatively little effect on H.E.T.S. Clear-stream 
operation at amplitudes greater than 0.40 in. 
was impossible because of excessive emulsifica- 
tion of the two phases. At 35.5 cycles/min. the 
operating range was greater, and H.E.T.S. values 
decreased uniformly with increasing amplitudes 
at a more gradual rate than at 72 cycles/min. 

At moderate and high frequencies holdup 
ratios were found to increase with pulse ampli- 
rapid at 72 
cycles min. than ot 35.5 cycles/min., as can be 


tudes. This increase was more 


seen in Figure 11. At small pulse amplitudes 
(0.10 to 0.20 in.) and a frequency of 72 cycles 


min., the dispersed phase was broken up into 


Fig. 3. Close-up of column, showing separation 
of phases. 


a fine emulsion in the lower section of the col- 
umn, resulting in excessive light-liquid carryover 
in the heavy-liquid effluent stream. When oper- 
ating at high pulse amplitudes and the same 
frequency, the column appeared to be filled with 
a coarse emulsion, and flooding occurred in both 
effivent streams. Thus, the clear-stream operot- 
ing range ot 72 cycles min. was from 0.20 to 0.40 
in., while at lower frequencies the range was 
greater. 

Because of the manner in which extraction 
was dependent on both frequency and ampli- 
tude, it was decided that neither of the two 
should be considered independently, but rather 
that both should be grouped into one variable. 


CONTINUOUS #HASE: 


e FREQ. +72 CYCLES/MIN., AMP=020" 
© FREQ.= 17 CYCLES /MIN., AMP= 0.35" 


Thus it was considered instructive to plot 
H.E.T.S. data for « tant flow rates 
as a function of the product (amplitude) X (fre- 


Aisi 


of « 


quency), since this quantity, multiplied by col- 
umn orea, represents the pulsed volume. Figure 
10 is such a plot, representing the previous doto 
of Table 3 supplemented with additional runs at 
17 cycles/min. The points fall along a single 


curve with little scattering. 


Effect of conti h The continu- 


ous phase in the pulse column was determined by 
the interface location, which was governed by 
the height of the aqueous take off leg. With 
water as the continuous phase the interface was 
located at the top of the column, whereas a 
bottom interface was obtained with the alcohol 
phase continuous. Table 4 presents the results 
of two pairs of runs made under identical con- 
ditions, operating with top and bottom interfaces, 
respectively. This comparison shows that transfer 
is more efficient in the pulse column for the 
system water-boric acid-isoamyl alcohol, when 


the water phase is continuous. 


Comment 


sof H.E.T.S. 
to 
at the higher pulse 


In Figures 4 and 5 value 
are seen to be fairly insensitive 
changes in flow rate 
frequency. At the 
what 

The picture at the lower 
frequency is complicated by the fact that 
alternately dispersed and 
continuous. The thickness of the co- 
alesced phase under each plate becomes 
an important factor, in addition to the 
droplet 
le nee 


vary 


frequency, 


values of over a some- 
range, 


extraction 


each phase ts 


ize and the degree of turbu- 
The length of time during which 
a unit volume of one phase is in dis- 
persed contact with the other phase is 
less in a pulse column than in a spray 


25 50 75 


FLOODING 


CONTINUOUS PHASE WATER 


e FREQ« 72 CYCLES /MIN., AMP 0.20" 
FREQ.=17 CYCLES / MIN. , 0.35" 


100 125 


150 25 50 75 


ALCOHOL FLOW RATE (G). cc/MIN 


Fig. 5. Effect of dispersed phase flow rote on H.E.1.S. at continuous 
phase flow rote of 25 cc./min. 


150 
ALCOHOL FLOW RATE (G), cc/MIN. 


Fig. 4. Effect of dispersed phase flow rate on H.E.T.S. at continuous phase 
flow rate of 10 cc./min. 
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wea)? } 4 
25 30 : 
20 25 
FLOODING 
20 
15 
Z10 
= 
10 
x 
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column of the same dimensions operat- 
ing under similar conditions. The pulse 
column contact time (during which ex- 
traction occurs) is equal to spray col- 
umn contact time multiplied by the frac 
tion of the pulse cycle during which the 
phases are actually dispersed. The per 
iods of recoalescence, when quiescent 
conditions prevail, contribute little to 
mass Thus the greater efhi- 
ciency of a pulse column, compared to 
a spray column, must be attributed to 
the repeated formation of fresh surface 
and the high turbulence, 
rather than to increased contact time. 
Flooding of 


transter. 


degree of 


a pulse column can be 
caused by inadequate pulsing capacity 
to handle the 
at low pulse frequencies and ampli- 
tudes, and by emulsification because of 
inadequate settling at high pulse fre 
quencies and amplitudes. It is interest 
ing to try to predict the alcohol flow 
rate at which flooding should occur be 
cause of inadequate pulsing capacity for 


flow of dispersed phase 


the data shown in Figure 5 at 17 cycles 
min., amplitude 0.35 in. Since the col- 
umn cross section was about 5 sq.em., 
the pulsed volume can be calculated a 
0.35(2.54) (5) (17) The 
same pulsing conditions at the lower 


ce./min, 


water rate of Figure 4 handled 125 
ec./min. of alcohol before flooding 
indicating that factors other than 


pulsed volume must be considered, In 
general, the region of low’ frequency 
and amplitude, where danger of this 
type of flooding exists, is primarily of 
interest, Markedly better 
throughput and efficiency are pos 


academic 


sible with more vigorous pulsing, which 
entirely eliminates the 
phases shown in Figure 3. 


separation of 


With vigorous pulsing a great deal of 
back mixing occurs within the column. 
This can be shown by an analysis of 
Run 45, where the alcohol flow rate was 
75 cc./min., the water flow rate 25 ce. 
min,, and the pulsed volume 0.45(2.54) 
(5) (35.5) = 200 ce./min. Throughout 
the course of each minute, 200 cc. of 
liquid are drawn into the pulsator dur- 
ing the downsurge and 200 ce. are dis 
charged by the pulsator on the upsurge. 
Alcohol and water enter the column con 
tinuously, but leave only on the upsurge. 
On the downsurge the pulsator receives 
75/2 or approximately 38 cc. of enter- 
ing alcohol, plus 162 cc. of liquid sucked 
downward through the plates. This 162 
ec. is made up of 25 ce. of water which 
must pass downward through the plates 
each minute, plus 137 cc. of liquid re- 
cycle. On the upsurge the pulsator de 
livers 200 ce., while 
alcohol continues to enter through the 
alcohol inlet line. This 237 ce. is dis- 
posed of as follows: 25 cc. of water must 
flow out the water exit line, leaving 
212 cc. of liquid to be forced upward 


some 37 cc. of 
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oO 
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Fig. 6. Effect of flow rate ratio on over-all height of a transfer unit. 
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ALCOHOL FLOW RATE (G) cc/MIN. 


Fig. 7. Variation of holdup ratio with flow rate. 
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through the plates; 75 cc. of alcohol 
G=50 CCyyin must pass upward through the plates 
. each minute, so 212 — 75 = 137 cc. of 
L=10 ©°/MIN. liquid are also recycled on the upsurge 
Depending on the choice of pulsing con 
ditions, the amount of recycle is adjust- 
able within fairly wide limits. In effect, 
a vigorously pulsed column operates as 
a baffled mixer with countercurrent tlow 
superimposed on this cocurrent mixing 

\s Figure 10 shows, increasing am 
plitude or frequency increases efficiency 
up to a certain point, beyond which 
more vigorous pulsing is of little benetit 
It seems likely that this curve represents 
the sum of two opposing effects. As the 
pulse frequency is increased, dispersion 
and turbulence increase and better con 
tacting efficiency results. However, an 


@ FREQ = 72 CYCLES /MIN. increase in the amount of back mixing 
© FREQ = 355 CYCLES /MIN. takes place simultaneously, detracting 


from the beneficial effects of dispersion 
and turbulence, and the sum total of both 
CONTINUOUS PHASE : WATER these effects is pictured in Figure 10 
Che limiting values of pulse amplitude 
| | | | and frequency are dependent to a large 


1O 20 30 40 .45 degree on the physical characteristics of 


the liquids contacted. If the interfacial 

PULSE AMPLITUDE , INCHES tension of the two phases is low, as 1s 

often the case with liquids of high mu 

Fig. 8. Effect of pulse amplitude on H.E.T.S. at moderate and high pulse frequencies tual solubility, there may exist a definite 
tendeney toward the formation of stable 


emulsions, Also, cavitation may occur 
in the line from the column to the pulse 
generator due to the development of lo 
calized pressures lower than the vapor 
pressure of the pulsed fluid, The choice 
of pulse amplitude and frequency must 
take into account the po sibility of cavi 
tation and emulsion formation 

The location of the interface deter 


mines which of the two phases in the 
column is the continuous one under con 


CONTINUOUS PHASE: WATER ditions of vigorous pulsing. In general 
G= 50 COIN. the physical properties of the system 


cc which affect the film thickness, the de 
H— L= 10~°/MiIN. gree of dispersion and the droplet ve 
locity, as well as the chemical properti 
which affect the plate-wetting character 
istics, determine the choice of intertace 
location. The phase which preferentially 
wets the plates is sometimes chosen as 
the continuous phase, since finer disper 
sion of the discontinuous phase is then 
obtainable. Hlowever, if the interfacial 
tension is low, dispersion of either phase 
will usually be adequate, and viscosity 
will often be the determining factor in 
choosing the continuous phase. Such 


VOL. DISCONTINUOUS PHASE 
* VOL. CONTINUOUS PHASE 


was the case with the system: water 
@® FREQ= 72 CYCLES /MIN. boric acid-isoamyl alcohol, where higher 
© FREQ= 35.5 CYCLES /MIN. rates of extraction were observed with 
the water phase continuous. The vi 
cosity of the alcohol was 4.5 ep., as com 
pared to 1.0 ep. for water at 20° ¢ sO 
| | | 1 it might be expected that the principal 
10 .20 .30 40 .45 resistance to diffusion lies in the alcohol 


PULSE AMPLITUDE, INCHES phase. The greater viscosity of the al 


cohol phase resulted in slower settling 


HOLDUP RATIO 


Fig. 9. Effect of pulse amplitude on holdup ratio at moderate and high pulse frequencies rates for the dispersed water droplets 
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Fig. 10. H.E.T.S. as a function of the product (amplitude) * (frequency) at constant flow rates. 


than when the alcohol phase was contin- 
uous. Also contributing to lowered effi- 
ciency is the fact that dispersing the 
low-flow fluid makes less interfacial area 
available, per pulse, than dispersing the 
high-flow fluid. 

Because of its higher efficiency and 
lower column height (approximately 1% 
to % that of a similar packed column 
performing the same separation), the 
pulse column should be considered where 
low head room or shielding require- 
ments for radioactive solutions are im- 
portant considerations. High through- 
put capacities may allow the use of col- 
umns of smaller diameter. Construction 
is relatively simple and the absence of 
moving mechanical parts within the col- 
umn keeps leakage and maintenance low. 
The pulse column is a versatile extrac- 
tor with good efficiency over a wide 
range of flow conditions. The conven- 
ience of changing packing characteris- 
tics external to the column by adjusting 
pulse amplitude and frequency is often 
of value in experimental work. 

Of course, these advantages point up 
certain disadvantages. Pulsing liquids 
costs money and the higher initial cost 
must be weighed against savings from 
increased throughput and lowered height 
requirements. For large volumes, puls- 
ing at constant and rapid rates poses 
mechanical problems. Highly viscous 
liquids and volatile liquids require spe- 
cial evaluation. Then too, small holes 
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have a tendency to clog even with nom- 
inally clear streams. 

One of the chief barriers, however, to 
the proper utilization of new devices for 
solvent extraction is lack of information 
on design and performance. It is hoped 
that this paper will stimulate further ex- 
perimentation and publication on the 
subject of pulse columns and their place 
in the field of extraction equipment. 
Acknowledgment 

The authors wish to express their sin- 
cere appreciation to the Ames Labora- 
tory of the Atomic Energy Commission 
and the Institute for Atomic Research 
of Iowa State College for the use of 
their facilities and equipment. The 
assistance of N. Barson, who offered 
helpful suggestions regarding the ana- 
lytical and calculating procedures, is 
gratefully acknowledged. 

Literature Cited 

1. Barson, N., and G. H. Beyer, Chem. Eng. Pro- 
gress, 49, 243 (1953). 

2. Burns, W. A., C. Groot, and C. M. Slansky, 
U. S. Atomic Energy Commission Report. Report 
HW-14728 (1949). 

3 Cooper, V. R., and C. Groot, U. S. Atomic 
Energy Commission Report. Report HW-20305 
(1952). 

4. Ellison, C. V., U. S. Atomic Energy Commis- 
sion Report. Report ORNL-912 (1951). 

5. Feick, G., and H. M. Anderson, Ind. Eng. 
Chem., 44, 404 (1952). 

6. Jealous, A. C., U. S. Atomic Energy Commis- 


Chemical Engineering Progress 


sion Report. Report ORNL 51-8-162 (1951). 

7. Kolthoff, |. M., and E. B. Sandell, “Textbook 
of Inorganic Quantitative Analysis,” rev. ed., 
The Macmillan Co., New York (1948). 

8. Lehman, H. R., U. S. Atomic Energy Commis- 
sion Report. Report UCRL-1558 (1951). 

9. Perry, J. H., “Chemical Engineers’ Hand- 
book,” 3rd ed. McGraw-Hill Book Co., Inc., New 
York (1950). 

10. Pike, F. P., and J. |. Stevens, U. S. Atomic 
Energy Commission Report. Report ORNL 50-7- 
40 (1950). 

11. Rubin, B., and H. R. Lehman, U. S. Atomic 
Energy Commission Report. Report UCRL-718 
(1950). 

12. Treybal, R. E., “Liquid Extraction,” McGraw- 
Hill Book Co., Inc., New York (1951). 

13. Van Dijck, W. J. D., U. S. Patent 2,011,186 
(Aug. 13, 1935). Abstracted in Chem. Abst., 29, 
6476 (1935). 

14. Von Berg, R. L., and H. F. Wiegandt, Chem. 
Eng., 59, 189 (June, 1952). 


Discussion 

Aylmer H. Maude (Hooker Electrochemical 
Co., Niagara Falls, N. Y.) : Does the plate 
spacing affect the height equivalent to a 
theoretical stage? 

R. M. Cohen: In the pulse column, as in 
sieve-plate columns, a reduction in plate 
spacing lowers the height equivalent to a 
theoretical stage. Although a 2-in. spacing 
was used in all the runs, a considerable im- 
provement in extraction might be expected 
if a l-in. spacing were to be used instead 
In effect, this would correspond to an in- 
crease in the amount of column packing. 
This would tend to lower the throughput 
somewhat, and too small a plate spacing 
would result in flooding or emulsification. 
The optimum plate spacing with respect to 
both extraction efficiency and throughput 
would depend to a large degree on the fre- 
quency and amplitude of pulsation. 

A. N. Hixson (University of Pennsyl- 
vania, Philadelphia, Pa.): Does it make 
any difference from which phase the ex- 
traction is being made? 

R. M. Cohen: It is usually desirable, from 
the standpoint of efficiency, for extraction 
to take place from the phase in which the 
solute is less soluble; in other words, from 
the phase having the higher diffusional re- 
sistance. For the system used in this study, 
where acid favors the 
water phase, the direction of transfer was 
from the alcohol to the water phase. The 


boric distribution 


number of theoretical stages is greater for 
transfer in this direction. 

It was also found that extraction was 
greatly improved with the water phase con- 
tinuous (extraction from the discontinuous 
phase) rather than with the alcohol phase 
continuous (extraction from the continuous 
phase). In practice, solvent recoverability, 
relative flow rates, and plate-wetting char- 
acteristics would determine the choice of 
continuous phase and direction of solute 
transfer. 
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The Design of 


Nuclear Power Plants 


Vol. 49, No. 6 


James A. Lane and Stuart McLain 


United States Atomic Energy Commission, Washington, D. C. 


he development of nuclear power for 

industrial use is one of the most in- 
triguing prospects of our present era. 
The focal point of this development 1S 
the nuclear energy pile or reactor which 
is essentially a device for converting the 
potential energy of uranium or thorium 
into useful heat. 

In the decade that has passed since 
scientists first achieved a self-sustaining 
nuclear reaction, continuous progress in 
the development of reactors for utilizing 
this reaction has taken place. At the 
present time more than twenty nuclear 
reactors are in operation or under con- 
struction in the United States. These are 
located as follows: 


a. Hanford, Wash.: Three war-built plutonium 
production reactors plus postwar production 
reactors. 

Savannah River, S. C.: Production reactors 
Arco, Idaho: Two sizeable new research re- 
actors and a land-based prototype of o sub- 
marine reactor. 
Argonne National Laboratory, Ill: Three 
small research reactors. 
Schenectady, N. Y.: Land-based prototype for 
an improved submarine reactor. 

. los Alamos, N. M.: Two small research re- 
actors. 
Oak Ridge, Tenn.: One war-built pilot model 
reactor plus three small reactor experiments. 
Brookhaven, N. Y.: One research reactor. 
North Carolina Stote University: One small 
research reactor. 


Although none of the reactors listed 
make practical use of nuclear power, 
achievements in this direction in the 
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mobile reactor program are significant. 
In June, 1952, the President laid the 
keel for the first atomic powered sub 
marine and this vessel will be afloat by 
1954. Atomic power for large ships ts 
being developed and by 1963 nuclear 
propulsion for airplanes may be real- 
ized. In other words, the technical 
problems of nuclear power production 
are being solved today. The use of nu- 
clear energy for industrial power, how- 
ever, is less certain since this involves 
economic as well as technical questions 

To achieve a nuclear power system 
which is economic as well as technically 
feasible requires the type of develop 
mental approach with which the scientist 
is familiar. The actual design of the 
reactor system, moreover, requires an 
engineering approach, but since this in- 
volves new concepts, it 1s not well un- 
derstood. This paper attempts to pre- 
sent an engineering approach to the 
design of nuclear reactors that might be 
used for power plants, and to show 
analogies between this and conventional 
design methods, 


Basic Information 


Reactions between neutrons and the 
nuclei of atoms can occur in a variety 
of ways. In the most common of these 
nuclear reactions, the nucleus “captures” 
the neutron, forming an isotope of 
higher atomic weight. This isotope is 
usually radioactive, decaying to form a 
new clement. In the “fission” reaction, 
the nucleus splits into two parts, 
forming a variety of lighter elements 
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and releasing a number of additional 
neutrons, Although many heavy nu- 
clei undergo both fission and capture 
reactions with neutrons, only a few have 
a higher probability for fission than 
capture. Since these few generate excess 
neutrons and are capable of sustaining 
a nuclear chain reaction they are called 
fissionable nuclei. The most common 
fissionable nucleus is the uranium iso- 
tope U-235 which occurs as 0.71% of 
the uranium found in nature. The re- 
maining 99.3% is uranium-238 which 
has a low fission to capture probability, 
and does not fission enough to sustain 
a nuclear chain reaction. It is possible 
to convert and thorium*4?, which is 
also nonfissionable, into the fissionable 
nuclei of plutonium3" and respec- 
tively, by bombarding these materials 
with neutrons, 

When U2 fissions, it releases on the 
average 2.5 neutrons per atom fissioned. 
Since only one neutron is required to 
cause fission, the remaining 1.5 neutrons 
are available for transforming some of 
the U285 present into and making 
up losses. These losses consist of ab- 
sorption by U4 without fission, absorp- 
tion by the control rods, construction 
materials, and coolant, and escape from 
the reactor. When the production of 
neutrons exceeds all losses, an expand- 
ing chain reaction develops, and the rate 
of heat generation will increase. A con- 
stant heat production rate may be ob 
tained by adding neutron absorbers to 
maintain a delicate balance between neu- 
tron production, absorption, and losses. 

Although the neutron muiltiplication 
process takes place in times of the order 
of milliseconds, not all the neutrons are 
emitted instantaneously. A small frac 
tion (< 1%) is emitted from short-lived 
fission products and “delayed” as much 
as a few minutes after the fission occurs, 
which effectively increases the time be 
tween successive generations. Thus, the 
delayed neutrons make the control of a 
reactor practical with mechanically 
driven rods containing neutron absorb 
ers. 

The large amount of energy created 
by the fission reaction arises from the 
fact that the combined masses of the 
fission products are about 0.1% less than 
the original U2, This difference in 
mass is converted into energy which 
manifests itself primarily in the form of 
kinetic energy of the fission products 
These newly formed atoms travel as far 
as 0.1 mm. and create heat on impact 
with neighboring atoms. Neutrons, on 
the other hand, diffuse several feet in a 
reactor before causing fission or being 
absorbed. The fission products damage 
fuel elements by ionization or effectively 
knocking atoms out of place in_ their 
lattices. 

A divergent chain reaction created in 
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a block of fissitonable material forms the 
basis for the atomic bomb. A system 
like this, however, is not practical as a 
source of electric power since the re 
action cannot be stopped and there is no 
method of recovering the heat. Conse 
quently, to achieve a practical heat gen 
erator, it is necessary to add various 
other components to the nuclear fuel 
These are listed in Table 1 with typical 
materials used for the reactor compo 
nents. 

The “moderator” is a low atomic 
weight material placed in the reactor to 
slow down the neutrons from their orig- 
inal high velocities. Each time a neutron 
collides with a moderator atom, it loses 
a fraction of its energy, until finally it 
is moving: at the same velocity as the 
moderator atoms themselves. At this 
velocity or energy, it is said to be 
thermal. 

By using a moderator, one takes ad 
vantage of the fact that fissionable ma 
terials absorb slow or thermal neutrons 
more readily than fast neutrons. Since 
most of the thermal neutron absorption 
leads to fission, this process takes place 
more efficiently with slow than with 
fast neutrons. For this reason, a chain 
reaction can be sustained in natural 
uranium with thermal neutrons but not 
with fast neutrons. Reactors are desig 
nated as thermal, intermediate, or fast, 
depending upon whether the average en 
ergy of the neutrons causing fission is 
thermal, intermediate, or fast. 

Although many materials of high 
atomic weight fission to a certain extent 
with fast neutrons, a fast fission chain 
reaction can be sustained only in nu 
clear fuels which contain relatively large 
percentages of U733, or 
Thus, fast reactors normally require 
large inventories of these fissionable 
materials, 

The nuclear engineer's main contribu 
tion is the selection and arrangement of 
the reactor components to give the most 
efficient and economic design. This 
process of selection involves many in- 
terrelated factors, so that it is not al 
ways possible to retrace the steps lead 
ing to the final design. However, the 
usual design procedure first involves 
consideration of the factors which estab- 


lish the requirements of the nuclear sys 
tem. This is followed by an analysis and 
solution to the heat removal problem. 
Finally, the engineer deals with the de- 
sign of the remaining portions of the 
reactor structure and associated facili 
ties. 

Features of a nuclear plant will be 
discussed in a general way in Part I, 
Design Procedure, while the design of 
a specific hypothetical reactor will be 
traced in Part Il, Designing a Typical 
Power Reactor. 


Part I—Design Procedure 


In the design procedure shown below, 
steps (a) through (e) establish the sys- 
tem requirements, steps ({) through (j) 
consider the heat-removal problem, and 
step (k) completes the design. 

Establish power level 


Select components for reactor system 


a 

b 

c. Establish size limitations of reactor core 

d. Estimate required power density in the core 
e 


Determine amount of fissionable material re- 
quired (i.e., degree of enrichment) 


f. Select coolant 
g- Select method of heat removal 
h. Determine optimum arrangement of fuel and 


moderator 

i. Design fuel elements 

j. Establish operating conditions 

k. Design reactor structure, shield, and asso- 
ciated facilities. 


ESTABLISHING SYSTEM REQUIREMENTS 

The factors which establish the re- 
quirements of the nuclear reactor sys 
tem, items (a) through (e), are dis 
cussed below. 


a. Power Level. “The power level is usually 
established on the basis of the function 
of the reactor. The various purposes for 
which reactors have been built or are 
being studied, and the corresponding 
power levels are shown in Table 2. 
Thus, the starting point in designing 
any reactor is the maximum power level. 
This power level corresponds to the full 
load rating of an electric motor or gen 
erator. It is the power at which the 
reactor is designed to operate continu- 
ously without overheating or malfunc- 
tioning. As the design progresses, this 


TABLE 1.—NUCLEAR REACTOR COMPONENTS 
Component 


Nuclear fuel 
Fuel diluent 


Material 


u™, u™, 
u™, Th, Al, Fe 


Function 


Sustains fission reaction 

Provides heat-transfer  sur- 
face and absorbs excess 
neutrons to generate new 
nuclear fuel. 


Moderator C, HO, D.O, Be Reduces neutron energy 

Coolant Air, Na, Bi Removes heot 

Control elements Cd, B, Hf Adjusts neutron level 

Structure Al, Zr, Fe Supports and contains fuel 
elements 

Shield Concrete, Fe + H.O Protects personnel from 
radiation 
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TABLE 2.—TYPES OF REACTORS AND POWER LEVELS 


Type of Reactor 


Research 
Research and isotope production 
Mobile power units 

Stationary power plants 


* One mw (megawatt) equals 1,000 kw. 


Power Level Range, Heat 


100 kw 
3000 kw 
300 mw 
1000 mw 


0.1 watt 
100 kw 
10 mw* 


100 mw 


TABLE 3.—PROPERTIES OF 


Fue) Moderator 


Natural uranium 
Natural uranium 
Slightly Enriched U 
Slightly Enriched U 
Highly Enriched U 
Highly Enriched U 


graphite 
0.0 
graphite 
H.0 


REACTOR SYSTEMS 


Approximate 
diameter, 
height of 
cylindrical 
core, ft. 


H.O 25 
H.O or D.O 10 
No or Bi 8 
HO 5 
H.O 1 
NoK » 1 


Coolant 


level may be adjusted on the basis ot 
economy or other factors, but in general 
it will remain within specified limits. A 
reactor may be operated at any power 
its maximum. The neutron 
flux varies directly with power level and 


level below 


inversely with the amount of fissionable 
material present. Thus, a 
a small amount of fis 
sionable material has a relatively 
neutron flux even at low power. 


research re- 
actor which has 


high 


b. Reactor Components. ‘| hic selection of the 
most suitable combination and amounts 
of nuclear fuel, moderator, and coolant 
for a given type of reactor design in 
volves an extensive 


possible 


survey of many 


systems. Particular require 


ments of the reactor, such as minimum 
size, high low 


neutron economy, or 


ELECTRICAL 
GENERATOR 


STEAM TURBINE 


CONDENSATE 


Conceptual design of nuclear power plant. 


cost, narrows the choice of 
terials. 


reactor ma 
Some properties of typical reac 
tor systems are shown in Table 3. 

The 


core required depends on the 


c Size of Core size ot the reactor 
specified 
power level and power density (heat re 


each reactor system, there is a minimum 


moved per unit volume of core). 
critical chameter 
the 
where 


size ot necessary t 


nuclear reaction. In 
the 
larger than the critical diameter for heat 


removal 


sustain 
cases required diameter 1s 
considerations, the excess re 
activity is adjusted by adding neutron 
the Thi 
may be either a nonproductive absorber 
fertile 
which 


absorbing material to core 
such as cadmium or boron, or a 
material U=35 or 


tunel 


such as 
will generate new 


- 
TANKS 


reacton 


INLET MANIFOLD 


DUMP 
TANKS 


The primary sodium coolant, which becomes 


radioactive when passing through the core, is separated from a secondary nonradioactive sodium 
circuit by heat exchangers. This secondary coolont generates steam in boilers to drive a conven 


tional turbine-generator unit 
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shown m 
For 
each system, the reactor dimensions can 
wide limits by 


The reactor dimensions 


Table 3 represent typical core $1Z¢e¢s. 
be varied over fairly 
the degree of enrich 
fuel, or the 
material 


changing eithet 
ment, the concentration of 
amount of neutron absorbing 


present 


d. Power Density. The power density im a 
reactor depends on the heat removed pet 
unit of fuel the concentration of 
fuel in the reactor. The first of 
factors, designated as the specific power 
(and usually stated as kw./kg. fuel), is 
a function of the design and type of tuel 
element and the etherency of the coolant. 


and 
these 


The second factor, the concentration of 
fuel, is determined the 
ratio of fuel to the moderator, which, 


primarily by 


in turn, is dictated by the nuclear char- 
acteristics of the reactor system. 


e. Degree of Enrichment. The amount of fis 
sionable material required to sustain the 
fission reaction is a function of the size 
of the reactor core and the nuclear pro- 
perties of the materials in the core. By 
slightly 
fuel, ic 
than O71 
greater flexibility, especially with regard 
to the the 
materials 


using enriched or 


iche d 


more 


highly en- 
uranium contamimng 
U5 one achieves 


size ol core and choice of 
The only available sources of 
country are the 
Oak 


Plutonium of 


enriched uranium im thi 
gaseous diffusion plant at Riclge 
amd others 


C255 produced in the Hanford and other 


ben 


reactors also may be used 


Thus far, the bases for specifying the 
reactor system 
Normally, the nu- 


his considerations 


characteristics of the 
have been described 
clear limits 


to those 


enginect 


systems which have been de 


monstrated by experience to be most 


practical and economical, The develop 


ment of new reactor systems and new 


types of materials however, 
the 


assortment of 


continues, 
an expand ng 
and materials 


enginecr taces 
tems 
from which to choose 
The problem of designing a nuclear 
tarts 
a power level based on the required per 
This is 


suitable 


reactor with the establishment of 


rormance followed hy a selec- 


tion of a reactor svstem based 


on considerations of size, power density, 
ind degree of enrichment 


HEAT REMOVAL PROBLEM 


tor 


For many reactor applications, ot 
economic considerations, a 
size hecomes 
tant 


power 


core requirement mupor- 
This factor, combined with high 
level, makes it to de- 


sign a system with the highest possible 


necessary 


power density, or specific power In 
the heat removal from the 


core and structure becomes 


such cases, 


the 
most important engineering problem. A 


reactor 
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solution to this problem involves a con- 
sideration of the variables discussed in 
paragraphs (f) through (j). 


f. Type of Coolant. The problem of heat 
removal from a reactor depends primar- 
ily on the type of coolant selected. The 
major contenders are air, He, TH,0, 
D,O, and sodium. Other coolants may 
have merit for special applications. 

The availability of air makes it an 
obvious coolant. On the 
other hand, it is a poor heat-transfer 
medium, and pumping costs are high. 
Furthermore, air which is discharged 
through a stack may require filters since 
there is a hazard because of the possibil- 
ity of active material getting into the air 
stream. In addition, radioactive argon 
will always be generated in the 
coolant. 


choice as a 


air 


Ordinary water is particularly attrac- 
tive for low cost, research reactors. In 
power reactors, where high temperature 
operation is necessary, water cooling be- 
desirable high 


becomes 


because of 
pressures required. Water 
radioactive in a neutron flux and emits 
gamma rays for a time after leaving 
the reactor. For this reason, the system 
must be completely leakproof. In addi- 
tion, water decomposes into Hy and Os 
in a field of radiation, and this gas 
mixture must be diluted or recombined 
to prevent an explosive mixture from 
forming. From a nuclear standpoint, 
water is an efficient moderator, but the 
hydrogen has a rather high neutron 
absorption property. For this reason, 
H.O as moderator and coolant cannot 
be used with uranium of natural enrich- 
ment. Light water, however, can _ be 
used as the coolant with graphite or 
D.O moderators. 

The use of heavy water as a coolant 
and moderator is advantageous from the 
standpoint of neutron economy and be- 
cause natural uranium-D,O systems are 
feasible. The rather high cost of D,O, 
however, requires that losses be held to 
a minimum and results in high capital 
investments. This means that the de- 
composition gases must be recombined 
and provision made for detecting all 
possible leaks. Hence, a DO systera is 
likely to become more elaborate than an 
H,O system. 


comes less 


Use of sodium or other liquid metals 
as reactor coolants (see Fig. 1) is at- 
tractive for high temperature operation 
because of their vapor pressure 
and favorable heat-transfer properties. 
However, the system must be completely 
leakproof. Sodium handling is ex- 
tremely difficult because of its high melt- 
ing point, chemical activity, and radio 
activity after exposure to neutrons. All 
sodium surfaces must be blanketed with 
inert gases to prevent fires, and all por- 
tions of the equipment provided with 


low 
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TABLE 4.—THERMAL EFFICIENCY 
OF STEAM PLANTS 


Satura- Ther- 
Steam tion Pres- mal 
Temper- Temper- sure, Effi- 
ature ature tb./sq.in. ciency, 
F. abs. % 
200 198 12 12 
400 328 100 23.5 
600 417 300 28.7 
800 495 660 34.8 
1000 593 1465 39.6 
heaters to keep the liquid metal from 


ireezing at ordinary temperatures. An 
elaborate purification system must also 
be provided to remove sodium oxide and 
other impurities. 

It is obvious that the problem of 
achieving high power densities in a re 
actor is not easy to solve since there is 
no ideal the 
bined effect of radiation and high tem 
perature operation imposes design limi 


coolant. Moreover, com- 


tations not encountered in previous in- 
dustrial practice, 


g- Method of Heat Removal. Cooling can be 
accomplished in a number of ways, such 
as by forced circulation, natural convec 
tion, boiling, or flash vaporization. 

The merits of each method must be 
considered with respect to the maximum 
specific power obtainable. While boil- 
ing appears attractive the 
small pumping power required, the pres- 
ence of bubbles in the reactor may in- 
troduce undesirable fluctuations in the 
neutron and power levels. The amount 
of heat which can be removed by natural 


because of 


convection is limited, but such a system 
is ideal for low power operation. Flash 
vaporization may be less attractive than 
forced circulation since all the liquid 


pumped is expanded through a large 
pressure drop which results in high 
pumping costs. 

h. Arrangement of Fuel and Moderator. Re- 


actors are considered to be heterogen- 
eous when the fuel and moderator are 
separated, that is, arranged in a lattice 
pattern. An intimate mixture of fuel 
and moderator is regarded as homogen- 
Though lumping the fuel has 
some nuclear advantages, this arrange- 
ment limits the specific power which 
may be achieved. For this reason, the 
design trend, even in solid fueled, heter- 
ogeneous reactors, is toward smaller 
fuel elements or more complete disper- 
sion of fuel. 


cous. 


Since a solution of a uranium salt in 
11,0 or D,O is the most practical ex- 
ample of a homogeneous mixture of fuel 
and moderator, the term homogeneous 
reactor usually refers to this system. An 
aqueous solution reactor has many ad- 
vantages, but they are partly offset by 
the problem of circulating the highly 
radioactive fuel solution through ex- 
ternal heat exchangers. 


Though solu- 
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tion-type and other liquid fuel reactors 
are still in an early development stage, 
they show great promise. 


The maximum 
specific power in a heterogeneous nu- 
clear reactor depends on the type and 
design of the fuel element. Some sort 
of cladding is usually required to prevent 
uranium metal from reacting with 
coolants, and to confine the radioactive 
fission products. The engineer attempts 
to reduce the thickness or diameter of 
fuel elements to avoid excessive internal 
but as he does this, the 
proportion of cladding material to fuel 
increases. The cladding material ab- 
sorption of neutrons the 
problem of neutron economy. In addi- 
tion, fabrication costs may increase with 
small fuel elements. 


i. Type of Fuel Element. 


temperatures, 


increases 


Typical fuel element designs include 
solid rods, hollow rods, rod bundles, and 
plates. These may be clad with alumi 
num, stainless steel, or zirconium. 


j- Temperature of Operation. The operating 
temperature of the reactor, or to be ex- 
act, the temperature of the coolant as it 
leaves the reactor, is an important factor 
in the economy of nuclear power pro- 
duction since it determines the thermal 
efficiency of the system. The importance 
of the outlet temperature is shown in 
Table 4, which lists thermal efficiency 
as a function of steam plant character- 
istics. Efficiencies will vary somewhat 
from the values given, depending on re- 
heat cycles and other factors. As long 
as fuel costs are significant, high ther- 
mal efficiencies are desirable. With low 
fuel costs, the need for high steam tem- 
peratures depends on the relative invest- 
ment cost of low and high pressure 
plants. On_ this the optimum 
nuclear plant may not operate at a steam 
pressure as high as modern coal-fired 
plants. 


basis, 


k. Design of Shield and Associated Facilities. 
Having established the requirements of 
the reactor system and solved the heat 
removal problem, the nuclear engineer is 
finally in a position to design the reactor 
structure, mechanical components, and 
associated facilities. In stationary reac- 
tors, the design of this portion of the sys- 
tem is often considered to be secondary, 
although such items may comprise the 
major fraction of the total cost. In 
mobile reactors, however, the design of 
the shield and external heat removal 
system is a problem of equal magnitude 
to that of the reactor core. Each sys- 
tem has its own peculiar problems which 
are difficult to present in a generalized 
design procedure. It should be empha- 
sized, however, that the design of equip- 
ment used outside the reactor core is 
based on materials selected for their 
physical and mechanical properties alone 
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rather than on their combined nuclear 
and physical characteristics. For this 
reason, external reactor equipment tends 
toward conventional designs. 
Depending on the purpose of the re- 
actor, one or more of the factors just 
Ina 
mobile power reactor, for example, mini- 
mum size and high power density be 


discussed may become overriding. 


come important. In a plutonium produc- 
tion neutrons 1s 
desired. In a stationary nuclear power 
plant, the primary emphasis is on eco- 
nomic considerations, 


reactor, efficient use ot 


since the nuclear 
plants must compete with conventional 
power systems. 

One method of demonstrating tech- 
nological and economic advances neces- 
sary for the development of large-scale 
nuclear power plants involves a sequence 
of small experimental plants. The first 
such plant, the Experimental Breeder 
Reactor, is being operated at the Na- 
tional Reactor Testing Station in Idaho 
by the Argonne National Laboratory. A 
second unit, the Homogeneous Reactor 
Experiment, has recently been put into 
operation at the Oak National 
Laboratory in Tennessee. The informa- 
tion gained by operating these units will 
ultimately be embodied in a large scale 
plant such as that illustrated in Figure 1. 


Ridge 


Part li—Designing a Typical Power Reactor 


$y use of data in Glasstone and Ed- 
lund’s recently published book, “Nuclear 
Reactor Theory,” (7) one can estimate 
the nuclear requirements of the various 
reactor systems given in Table 3. By 
covering an appropriate range of var- 
iables, it is possible to find the optimum 
conditions for a given application. 
Rather than repeat the lengthy calcula- 
tions involved in such an optimization, 
an arbitrary selection of variables has 
been made in the following example, to 
illustrate the engineering approach to 
the design of a nuclear power plant. 
While such an arbitrary approach les- 
sens the accuracy of the predicted cost 
of nuclear power, further refinements 
are unwarranted in the inac- 
curacies in available cost estimates and 
lack of knowledge on the ultimate pro- 
ductive and lite of reactors. 
Even an order-of-magnitude estimate of 


view of 


capacity 


the cost of a nuclear power plant, how- 
ever, serves to show the possibilities of 
nuclear fuels compared to conventional 
fuels. 

The assumption is made that a reactor 
is to be designed to operate at about 
250,000 kw. of heat and to produce steam 
for a eonventional turbo-generator unit. 
Over-all plant efficiencies of about 24% 
may be the full load 
rating will be about 60,000 kw. of elec- 
tricity. 


expected ; hence 
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TABLE 5.—SPECIFIC POWER VS. 
FUEL ELEMENT DIAMETER 


Specific 
power’ 
unit 
volume 
8.t.u. (hr.) 
(cu.ft.) 


80 10° 
22 x 10° 
6 X 10’ 


Choice of Reactor System 


Assume also that the reactor 
ates with natural uranium and is mod- 
erated and cooled by D,O. For efficient 


power production, the coolant tempera- 


oper 


ture should be maintained as high as 
possible consistent with pressure limita- 
tions of the system. To operate at cool- 
ant temperatures of 500° F. 
pressures around 1,000 Ib./sq.in., allow- 
ing about 300 Th. /sq.in. pro- 
40° F. differential temperature 
to prevent boiling in the reactor, 


requires 


excess to 


vide a 


Specific Power 


The maximum specific power obtain- 
able is usually limited by the tempera- 
ture of the metal within the fuel element. 
In the metallic uranium, this 
temperature is kept below 1000° F, to 
prevent excessive thermal stresses and 


case of 


density changes. The maximum metal 


temperature is given by: 


t (1) 


t+ Aty + Atyy 
where, 


t maximum metal 
( 1000° F.) 
maximum coolant temperature, 

F. 
film temperature rise, ° F. 
metal temperature rise, ° F. 


temperature 


At, = 
Mtn 


It is evident that for coolant temper- 
atures of 500° F. or more, the combined 
film and metal temperature rise must be 
equal or less than 500° F., or 


At, + At, = 500. (2) 


Substituting appropriate equations for 
the film drop and metal temperature drop 
for solid, cylindrical, fuel rods gives: 


2h 4k 


500 (3) 


where, 


q, == heat generated per unit volume of 
fuel B.t.u./(hr.) (cu. ft.) 
fuel element radius, ft. 
heat-transfer coefficient, 
(hr.) (sq.ft.) (° F.) 
thermal conductivity, B.t.u 
(sq.ft.) (° F./it.) 


>. 


(hr.) 


For natural uranium metal, k = 14 
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B.t.u./ Chr.) (sq.ft.) (° F./it.) and for 


water flowing at 30 ft. /sec. 


= approximately 6000 B.t.u./(hr.) 


(sq.it.) (° F.). 


Solving the above equation with 0.4- 
in. diam. fuel rods, the maximum heat 
production will be 80 X 10° B.t.a./(hr.) 
(cu.it.) or in C.G.S. units, 44 kw./kg. 

Values other diameter fuel rods 
are shown in Table 5. 
power! 


lor 


Since production is propor- 
tional to neutron density, which changes 
throughout the reactor because of neu- 
tron diffusion, heat generation im the 
center of the reactor is higher than aver- 
age. Maximum values will be about two 
or three times average values. Thus, the 
average specific power will not be more 
than 20 kw./kg., even with 0.4-in. diam. 
fuel elements. On this basis, a reactor 
to produce 250,000 kw. of heat will re- 
quire a fuel loading of about 12,500 kg. 
(13.8 tons) of uranium, 


Size of Core 


the reactor next 
the ratio of fuel to 
moderator, which re presents the concen- 


The size of 
determined 


core 


from 


tration of fuel in the core. For a given 
iuel, optimum 
ratio and hence a core size which will 
give neutron economy. This 
is, found by nuclear calculations such as 
those described by Glasstone and Ed- 
lund (7). For the reactor system under 
consideration, the optimum moderator to 
fuel ratio turns out to be in the range 
of 30 or 40 to 1 by volume. The weight 
ratio of D,O to uranium will be about 
2 to l. The volume of the reactor core 
to produce 250,000 kw. of heat is there 
fore about 23,000 1. (812 cu.ft.) which 
constitutes a cylinder of 10 ft. diam. and 
10 it. high. The power density in this 
core will be about !1 kw./l. of 1.4 


amount ot there is an 


maximum 


Design of Shield 


The reactor under consideration will 
full power approximately 
one billion curies of gamma radiation, 
equivalent to the radiation which would 
come from about 1000 tons of radium. 
The fraction of this radiation that es- 
capes the core, equivalent to the radia 
tion from something like a score of tons 
of radium, as well as those neutrons 
which leak out, be blocked by 
shielding to protect personnel, 


generate at 


must 


The type of shield required and _ its 
thickness are indicated by 
tion that follows. 
3 fissions 
kw. there will be 7.5 & 


the calcula- 
Since there are 
(sec.) (kw.) at 250,000 
10'* fissions 
Each fission produc es about 2.5 
\ssuming 
the 


core 


‘sec, 
neutrons 
that 5% 
neutron 
will be 


and 5 gamma rays. 
of these the 
flux at the edge of 


escape core, 


the 
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Specific 
power 
unit 
Rod weight of 
diam. vranium 
in. kw. kg. 
0.4 44 
0.8 12 


Fig. 2. Materials-testing reactor at National Reactor Testing Station, tdeho. This 
irradiate materials for use in reactors at high neutron and g ray iti 


research and development. 


about 10! neutrons ) and 
the gamma flux about 2 x 10" gammas/ 
(sq.cm.) (sec.). Although 
shield material, it has a 
primary disadvantage in that it does not 
withstand thermal shock well. Since the 
absorption of radiation generates heat, 


(sq.cm. ) (sec. 


concrete 18 
an economic 


there is a maximum neutron and gamma 
flux to which concrete can be subjected. 
This means that a supplementary “ther- 
mal” shield, as it is called, is usually 
required to protect the,concrete from 
excessive heat generation. This portion 


is used to 
s and for general 


of the shield must be cooled. To reduce 
the heat generation in the concrete to a 
tolerable level requires that the primary 
radiation must be reduced by a factor of 
about 10° in the thermal shield. An 
additional factor of 10° in the biological 
shield is required to give levels of 200 
gammas neutrons/(sq.cm.) (sec.) 
which can be tolerated by humans. 
Unfortunately, the requirements for a 
neutron shield are considerably different 
from the requirements for a gamma 
shield. For neutrons, a low atomic 


800,000 Ibs/hr 


SATURATED STEAM 
175 psia 


Thermal Eff. = 24% 


Fig. 3. Nuclear power plant cycle for which heat is furnished by a 250,000-kw. 


boiler of a conventional power plant cycle. 


Gross Heat Rate = 14,100 BTU/KWH 


(heot), 
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water-cooled, thermal reactor. 


hydrogen 
absorber, 
makes the 
gammas, however, a 
such as lead or iron, is 
usually 
such as concrete, 
is dense and, at the time, 
contains hydrogen in the form of water 
to give neutron moderating and absorp- 
tion properties. Often it is advantag- 
eous to add iron pellets or other dense 


material, such as 
with a high neutron 
such as boron or cadmium, 
best shield. For 
dense material, 
preferred. 


weight 
mixed 


Hence, one selects a 


compromise material, 


which same 


aggregate to normal concrete to increase 
the gamma absorption. 

It takes about 4 to 6 in. 
6 to & in. of water to 
and neutron fluxes by 
10. Thus, the thermal 
reactor should consist of 1 
iron slabs in total 
of 2 ft. of water. The remaining shield 
would consist of about 9 ft. of ordinary 
concrete, since 13 in. are required for 
each factor of 10 reduction in radiation 
intensity. The reactor with its shield 
now becomes about 36 ft. in diam., ap- 
proximately the size of the 
shown in Figure 2. 

In addition to this shield for the re- 
actor proper, ad:litional shielding mater- 
ial will be needed to enclose the primary 
heat exchanger, pumps, 


of iron and 


reduce gamma 
factor of 
shield of this 


or 2 ft. of 


each 


layers cooled by a 


reactor 


and piping for 
the cooling water, which becomes radio- 
active. 


Design of Reactor Building 


A building to house the reactor would 
have to cover at least 10,000 sq.ft. of 
ground area and be about 100 ft. high. 
It is possible that the trend in nuclear 
power plants will be toward unhoused 


170 psie 


65,000 Ibs/hr 


The reactor replaces the 
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| F 1,000 psia 
| 
GENERATOR 2 
3 CONDENSER 
FEEDWATER 
HEATERS 
380° F 250° F FA) 92°F 


reactor structures since the thick shield- 
ing can provide protection from the 
weather. Whether the major structure 
is exposed or enclosed, provision must 
sheltering and 
fuel eleménts and un- 


be made for operators 
for loading new 


loading spent elements. 


Design of Power Generating Plant 


A reactor operating under the speci- 
fied conditions will produce about 
800,000 Ib./hr. of 175 Ib./sq.in.abs. 
saturated steam. This steam is expanded 
through a low pressure turbine using a 
single reheat cycle to keep its moisture 
content below 12%, as shown in the 
flowsheet (Fig. 3). About 60,000 kw. 
of electricity is generated with an over 
all efficiency of approximately 24%. 


Economic Considerations 


It is possible to establish an order-of 
magnitude estimate of the cost of the 
nuclear portion of the power plant being 
designed on the basis of the physical 
size of the reactor core, shield, and asso 
ciated facilities. Since these unconven- 
tional items comprise a minor fraction 
of the total plant, it is possible to esti- 
mate the over-all investment in a nuclear 
plant almost as closely as in the case of 
a coal-fired steam plant. Resulting power 
costs, however, will be strongly affected 
by factors such as plant lifetime, fuel 
costs, and and maintenance 
costs which, in the case of the nuclear 
plant, are difficult to predict. 

The cost of the nuclear reactor and 
primary heat exchangers, also called 
steam generators, estimated in 
the following: 


operating 


are as 


a. Reactor Core Structure 

An estimate of the cost of the reactor core is 
A by 
heat exchanger with 32,000 sq.ft. of heat-trans- 
Pro- 


ing costs for a pressurized 


fer surface constructed of stainless steel. 
vision for unloading uranium fuel must be in- 
cluded. At $30/sq.ft., the internal core structure 
costs about $1,000,000 on this basis. Adding the 
cost of a pressure shell, 10 ft. in diam. and 5 in. 
thick, will double this amount. Instrumentation 


and services will add another $400,000. 


b. Shield 

The volume of the primary shield around the 
core is about 2,000 cu.yd. Add 500 yd. for 
cuxiliary shielding for piping and equipment 
outside the core. At $200/yard installed, the 
concrete shield will cost $500,000. The iron ther- 
mal shield weighing 150 tons will add about 
$100,000. 


¢. Pumps, Heat Exchangers, and 
Associated Piping 
It is estimated that at the rated reactor power 
level, a flow of 50,000 gol./min. will be neces- 
sary. Experience has shown thot the total cost 
of motors, pumps, ond piping amounts to about 


Vol. 49, No. 6 


$20, gol./min. of capacity, which makes a total 
cost of $1,000,000 for this equipment. For eco 
the heot should 
operate on lower temperature differences and 


nomic reasons, exchangers 
smaller heat-transfer coefficients than the reactor 
fuel About 50,000 
transfer surface will be required. At $30 sq.ft 


these exchangers will cost $1,500,000 


elements. sq.ft. of heat 


d. Reactor Ruilding 
This building contains 1,000,000 cu.ft. and will 
cost about $2,000,000 at $2.00 cu.ft. 


An equivalent coal-fired boiler would 
cost about $3,000,000 or 40 as much as 
the nuclear steam plant. 

The total investment cost of the nu 
clear power plant is about $18,000,000 
or $300/kw. of installed capacity, as 
shown in Tables 6 and 7. At a fixed 
charge of 139%/year and at 80°) load 
iactor, that part of the cost of power 
because of fixed charges will be about 5.5 
mills /kw.hr. The corresponding powet 
part of the cost because of fixed charges 
in average, new, coal-fired steam plants 
of the same capacity is about 3.7 mills 
kw.hr. The average fuel cost in coal-fired 
plants is about $8.00/ton, or 3.2 mills 
kw.hr. Thus nuclear plants which have 
mvestment costs as high as shown, can 
compete only with coal-fired plants if nu 
clear fuel costs are several mills lower 
than for coal. The possibility of achiev 
ing such a_ reduction depends on the 
ability of engineers to develop low cost 
fuel fabrication methods and fuel ele 
nents cap ble of long life. 

In dual purpose units, to produce both 
plutonium and power, the value of the 
plutonium might be enough to offset the 
cost of fabricating and reprocessing fuel 
elements. Since net fuel costs neg- 
ligible, in this case, dual purpose units 
would be competitive with conventional 


are 


power plants. 

The estimated investment cost of the 
nuclear power plant shown in Table 7 
does not include the initial cost of uran- 
ium or D,O which presumabity would 
be supplied and controlled by the gov- 


TABLE 6.—COST OF 250 MW NUCLEAR 
REACTOR PRODUCING 60 MW 
ELECTRICAL POWER 


Reactor core ........ $2,400,000 
600,000 
Pumps ond heat exchangers 2,000,000 
Reactor building ...... 2,000,000 

$7,500,000 


TABLE 7.—ESTIMATED CAPITAL COST 
OF 60,000 KW. NUCLEAR POWER PLANT 


$7,500,000 
Site and facilities . 3,000,000 
Power generating plant 
Based on $125/electric kw. of 
installed capacity 7,500,000 


ernment. Until a definite policy regard 
ing the distribution of such materials 1s 
established and information made 
available, it is difficult to estimate the 
in nuclear 


cost 
fuel and investment costs 
plants which produce power only. 


Breeding 


excess neutrons trom fission 
will react with the fertile 
L258 or to produce fissionable 


or C253, respectively, the possibil 


Since 
materials, 


itv exists of generating more fissionable 
material in a reactor as it operates than 
is burned or consumed. Such a regen 
erative system would extend the avail 
able supply of nuclear fuels by transmu 
tation of the fertile materials. For this 
reason, it is desirable to have a high 
regeneration ratio, 

When the 
system is 
since it produces more fuel than is con 
fuel production 


regeneration ratio exceeds 
one, the said to be breeding 
sumed 
and losses, it may be possible to operate 


By balancing 
such a breeder system under equilibrium 
conditions in which only 
fuel. This prospect ts 


or 
is required for 


ittractive for, in terms of uranium or 
thorium used up, fuel costs would be 
less than 0.1 mills /kw. hr. 


A study of the efficiency of converting 
U238 into Pu**" is being carried out in 
the Experimental Breeder Reactor men 
tioned previously. If successful, breed 
ing gives promise of greater utilization 
ot uranium thorium for 
power production than would be possible 
in 


available and 


im nonregenerative reactors or even 
those with a regeneration ratio less than 
one 

With regard to the cost of 


power, however, it is a fallacy to assume 


nuclear 


that fuel costs in breeder reactors are 
negligible. First of all, breeding does 
not eliminate the high fixed charges 


associated with a large inventory of val 


uable materials. In addition, breeding 
systems involve a considerable amount 
of reprocessing of the fuel to reduce 


neutron losses by fission fragment cap 
ture. These costs may be considerable 
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CORRECTION 


In the article “Sulfur from Hydrogen 
Sulfide” by B. W. Gamson and R. H 
k:lkins (April, 1953, page 203) an error 
was printed in the caption of Figure 17 
on page 215. Jefferson Lake Process 
should be deleted and the caption should 
read as follows: Desulfurization of and 
sulfur recovery from dilute hydrogen 
sulfide streams. 
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Part ll. Separation of Gases 


Fe: Knudsen’s equations governing 
the molecular flow of gases through 
a porous membrane, it can be seen that 
the molecular weight of the gas is an 
important factor in determining the rate 
at which a gas flows through a particu- 
lar membrane. This is the basis for the 
process of separation of gases by means 
of porous membranes upon which 
Graham's law (15) is based. 

If the conditions of temperature, pres- 
sure, and pore size are such that the 
mean free path of the gas is large com- 
pared with the pore diameter, the flow 
will be molecular in type, and each com- 
ponent of a gas mixture will flow 
through the pores independently of the 
others present. On this basis, Graham 
formulated his empirical law, which 
states that the rate of flow of gases 
varies inversely as the square root of 
their respective molecular weights. 

Applying Graham's law to the case of 
flow into a vacuum, one obtains the fol- 
lowing expression : 


M, 


where y, is the mole fraction of com- 
ponent 1 on the low-pressure side and 
x, is the mole fraction of component 1 
on the high-pressure side. It is under- 
stood that there is sufficient take-off on 
the upstream side so that the composi- 
tion there remains constant. 

For the case where the downstream 
pressure is p and the upstream pressure 


(9) 


Tables 1-3, and Figures 1-5 were run with 
Part | in the April issue, page 180. 
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THE SEPARATION OF GASES 
by Means of Porous Membranes 


is 


be expressed as 


the low-pressure composition may 


ay 
M, 


| Px — py 


(10 
P(i—x) —p(i—y) , 


where y is the low-pressure mole frac- 
tion of component 1 and x is the high- 
pressure mole fraction of component 1. 
This also is based on a constant up- 
stream composition and thus implies 
that the fraction of the inlet gas that 
permeates the membrane is small com- 
pared with the amount of gas that is 
taken off as high-pressure outlet gas. 
The ratio of the square roots of molec- 
ular weights may be replaced by the 
ratio of experimentally determined per- 
meabilities, or conductances, for cases 
in which the flow does not conform ex- 
actly to molecular flow equations. If the 
flow is streamline, there would be no 
separation attained. 

Mulliken and Harkins (27) and more 
recently Weller and Steiner (33, 34, 
and 35) and Kammermeyer and Ward 
(20) have derived equations expressing 
the compositions that may be obtained 
for conditions under which a finite frac- 
tion of the gas is allowed to 
through the membrane. 

The Weller and Steiner equations 
were derived for flow through plastic 
membranes. The flow mechanism for 


flow 


plastic membranes differs from the flow 
mechanism in porous materials, but the 
equations should apply if the flow in 
the porous material is molecular. 
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The equations were derived for two 
cases: Case I involving complete mixing 
of gases on both sides and Case II en- 
tailing no mixing on either side. The 
distinguishing factor between the two 
cases is the effective composition on 
either side of the membrane. 

In Case I], the effective high-pressure 
composition is assumed equal to the 
composition of the gas leaving the high- 
pressure side of the membrane, and the 
low-pressure composition is equal to the 
composition of the gas leaving the low- 
pressure side. This gives the relation 


x 
Op 


Px, — pS» 


P(1—-x,) —p(1—-,) 


where QO, and Oy are the permeabilities 
of components A and B, respectively, x, 
is the -omposition of the gas leaving 
the high-pressure side, and x, is the 
composition of the permeated gas. The 
permeability, or conductance, is the flow 
rate per unit pressure difference per 
unit area. 

Combining this equation with the 
over-all material balance and the balance 
for individual constituents results in a 
quadratic equation which enables one to 
solve for the low-pressure product com- 
position for a given feed composition, 
pressure and fraction permeated. These 
equations are 


N,;=N +N, (12) 
aN, = (13) 
Not, = — Pry] (14) 


June, 1953 


' 
| | 


N,(1 — = 

—p(l—-s,)] (15) 
Letting a = O,4,/Og and B= N,/Q,S, 
Weller and Steiner obtained the follow- 
ing equations : 


= OyS[P(1 — 


a—(P 
a—l 


p)/B (16) 


(B+p)la— (P 
P(a—1) 


A B +f 
P 


(17) 


They also let y = V,/Ny and obtained 
= (1 
RA 


Y)*p = 
(l1—y) 


(18) 


This quadratic equation is solved for 
B and then combined with Equation 
(17) to give 

In Case II, laminar flow (no mixing) 
occurs on either side of the membrane. 
The following equation is derived: 


R In 


1—A-—B/C 

—iA + + 2Bi + 
NA 

‘NB 


and the subscripts f and o refer to feed 
and outlet high-pressure gas. 

Equation (19) can be solved for any 
given value of Ny, iy, i, and N,*. 

The nomenclature of Weller and 
Steiner has been somewhat modified in 
this presentation, 

Benedict (7) discusses some of the 
practical aspects of the separation of 
gases by flow through porous mem- 
branes. He points out that gaseous dif- 
fusion, or effusion, has the disadvan- 
tages of having to be operated at sub- 
atmospheric pressures and is a separate- 
stage process. He believes that gaseous 
diffusion, or membrane diffusion, will be 


Vol. 49, No. 6 


preferred to thermal diffusion when 
large volumes of gases are to be sepa- 
rated, so that a small number of large 
stages may be employed. 
points out that 
quires so much 
conventional 


Jenedict also 

diffusion re- 
energy than the 
methods of separation, 
such as distillation and absorption, that 


gaseous 


more 


it will not replace them except in un 
usual cases. 

Keith (17) 
cuss the gaseous diffusion separation as 
carried out at Oak Ridge by the Atomic 
Energy Commission. Keith points out 
the factors which prevent the theoretical 
enrichment from being attained: (1) 
there is back diffusion from the low 
pressure side, (2) the flow is not true 
molecular flow, and (3) there exists at 
the barrier, or 
sluggish gas film. Since it is from this 
film that diffusion certain 
amount of depletion within the film takes 
place. This film is analogous to the film 
encountered in heat and in 
other types of mass transfer. Keith also 
states that the most desirable condition 


(22) and Hogerton dis 


membrane surface, a 


occurs, a 


transfer 


from the point of view of plant size and 
would be a 
where one half the gas diffused through 
the barrier and the circulation through 
diffusion would be 

the net transport of 
irom stage to stage. 


power requirement stage 


any stage many 


times materials 


Apparatus and Procedure 


The diagram of the apparatus used for the 
separation experiments is shown in Figure 6. 


Fig. 6. Gas separation apparatus. 


. 600 Ib./sq.in. pressure gauge 

. Gas storage tank 

. Thermometer 

. 100 Ib. /sq.in. pressure gauge 

. 14 in. ¥ 8 in. pipe nipple and caps 
. Pressure regulator valve 
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The porous glass membrane cell assembly wos 
the same as that used in the permeability deter- 
The feed gas 
wos supplied to the top of the cell, and the 


mination as described in Part |. 


undiffused gas left the cell from the side outlet. 
The permeated gas left from the bottom end of 
the cell. the 
rates of the permeated gos and the unpermeated 


Rotometers, used to determine 
high-pressure outlet gas, were calibrated for 
mixtures of various concentrations of hydrogen 
carbon 
obtained as the sum of the two outlet-gas rates. 


ond dioxide. The feed-gos rate was 
The high-pressure outlet-gas rate (unpermeated 
gos) was controlled by the valve at the outlet. 
A Bourdon-type pressure gouge and a pressure 
regulator valve were used to measure and con- 
trol the upstream pressure. Gos samples were 


token by displacement of saturated sodium 
chloride solution from sample bottles. All analy- 
sis work was performed wtih conventional or 
modified Orsat apparatus. 

the 


flow-rate measurements, the rates of flow of the 


In order to improve the accuracy of 
respective streams were determined by timing 
the collection of a definite volume of the gos 
in a graduated burette. The burette was con- 
nected by means of o three-way stopcock to the 
Orsat apparatus. This set-up permitted the de- 
termination of the flow rate and the collection 
of the gas samples simultaneously and elimi- 
noted the recalibration of the 


task of rota- 


meters for various other mixtures. 


Discussion of Results 


made 


Separation experiments were 
with the following mixtures: 


H,—O,, 


rhe data are plotted in Figures 7 to 


10. In Figures 7, 8, and 9, the mole 


. Porous glass membrane 
Rotameter, high-pressure outlet gas 
Rotameter, permeated gos 
Graduated gas burette 

. Absorption pipet 


and 
—B/A 
t 
= + T (19) 
t, —a+t+ ( t, — ¢ 
B= AC+a/2 
(1) ® 
R 
2A —1 
U [a(A —1) + CJ] /(2A — 1) / 
T=; 
i © | 
_ 
1 7 
2 8 
3 9 
4 10 
5 W 
6 
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"te 


8 


a- 645 
P+ 353 pesia 
= 14.38 PSIA 


A, 


o- 621 
P = 544 psia 
p* 14.36 PSIA 


PERMEATED GAS COMPOSITION: MOL FRACTION 


FRACTION PERMEATED 
Fig. 7. H N. separation by porous glass. 


fraction hydrogen in the permeated gas 
is plotted vs, the fraction permeated, 
which is defined as the fraction of the 
inlet feed gas that flows through the 
membrane. 

The solid curves represent the theo- 
retical values as calculated from Equa- 
tions (12) to (15). These equations 
may be combined to yield the following 
expression, which represents a different 
and perhaps somewhat simplified form 
of Weller’s (33) equation: 


b + \/ b? — 4ac 


rip = a (21) 
where 
a=(a 1)- [PF +p(l—F)] 
¢ = al x, 
b= —[P(1—a,;) +a+c] 
*, = mole fraction component 4 in 
feed 
*, = mole fraction component A in 


permeated gas 


The composition of the permeated gas 
can be calculated for a given pressure, 
feed, and fraction permeated, provided 
conditions are such that complete mix- 
ing is obtained on both sides of the 
membrane. 

In some cases it may be more con- 
venient to use Equation (21) by making 
the following substitutions : 


a= (a—1)p 
c = aPr, 
b= —[P(1 —-+x,) +a+c] 


where x, is the mole fraction hydrogen 
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in the high-pressure outlet gas. 

This second form is equivalent to the 
first form. The theoretical curves in 
Figures 7, 8, and 9 were calculated from 
the second form, which involved x, in- 
stead of F. This was done because it 
was felt that the experimental values of 
x, were more accurate than values of F 
which were calculated from the flow 
rates. The fraction permeated could be 
calculated from the relation 


F = N,/(N, + N,) (22) 
where N, is the flow rate of permeated 
gas, (std.ce.)/(min.), and N, is the 
flow rate of high-pressure ovtlet gas, 
(std.ce.)/(min.). The fraction per- 
meated can also be calculated from the 
relation 


F’= (23) 


The values of fraction permeated calcu- 
lated by Equation (23) are used in the 
plots of the experimental data. 

It can be seen from Figures 7 to 9 
that the data agree fairly well with the 
theoretical values. It is to be noted, 
however, that in one case the experimen- 
tal values of x, at low values of F are 
definitely lower than the theoretical 
values and that a similar trend may be 
read into the other graphs. This is indi- 
cated by drawing dashed lines through 
the experimental points. The explana- 
tion for this phenomenon is not appar- 
ent. It must be pointed out that even 
though Equation (21) was derived on 
the basis that there was complete mix- 
ing on both sides of the membrane, 


(47 — / (4p — 
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FRACTION PERMEATED 


Fig. 8. H»— Oy separation by porous glass. 


it is improbable that such conditions 
actually exist. Since the flow rates on 
both sides of the membrane are in the 
laminar region, there could hardly be 
complete mixing. The exact effect of 
the stagnant film mentioned by Keith 
(23) and encountered in almost all dif- 
fusional processes is still undetermined. 

It can be concluded that for purposes 
of calculation either form of Equation 
(21), derived for complete mixing, may 
be used with confidence over the range 
of experimental values found here. It 
must be kept in mind that the equation 
represents a theoretical expression based 
on simplifying assumptions and is not 
based on the actual mechanism. 

Weller and Steiner found Equation 
(19), the equation based on no mixing, 
to apply to separation of gases by means 
of plastic films. The flow in their film 
pack possibly was different from that in 
the equipment used in this research. 

The values of a used in calculating 
the theoretical curves were taken as the 
ratio of the respective permeability con- 
stants. In only one case, Figure 7, was 
there much deviation. An a equal to 
3.54 instead of 3.1 was required to give 
a theoretical curve agreeing with the 
experimental points. It should be 
pointed out that the calculated values 
of x, are not very sensitive to changes 
in the value of a but would be quite 
noticeable in cases where a large num- 
ber of stages would be required for 
separation. For a relatively smal! num- 
ber of stages, use of either the ratio 
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uh 
| 
aN 
3 20 
Xe 2.334 
P 64.65 PSIA 
= 14.66 PSIA o 
« 3.48 
34 
o~ Xe © .320 
P 64.4 PSIA 
p * 14.4 PSIA 
2 — 10 


O4/VUp Or the ratio \/ Mp/M, will give 
satistactory results when Equation (21) 
is used to estimate permeated gas com- 
positions, 

From Figures 7 to 9 it can also be 
seen that it would be of advantage to 
operate with a high-pressure difference, 
as the increase in separation was appre 
ciable. 

For a ternary system, the expression 
giving the composition of the permeated 
gas |see Appendix, (16B)] 
can be shown to be 


[RTW? | (x,4)9 


Equation 


[TWP 
RW (VO,.p —VO.P 
TPx + O.Px® — O,W))](x,4)? 
+ [UO + O,PxA(VO.P 


+ O,W + RW |x," 


+ Opx,") 


(O,Px,4 == 0 (24) 
where 
R= 0Q0,-Q, 
U = Q,-—Q, 
V=1-F 
W = PF+p—Fp 


For any given values of I’, p, Oy, Og, 


gives Se”. The value of x,© is obtained 
by difference. 

The derivation of the equations for a 
ternary system is presented in the Ap 
pendix. 

The data for the ternary system hy 
drogen —carbon dioxide -oxygen ar 
shown in Figure 10 as the mole fraction 
hydrogen in the permeated gas plotted 
against the fraction permeated f° rhe 
line in the figure, calculated trom Equa 
thon 24), the theoretical 


values of x igreement 


represents 


‘ 7 he 


here 1s 


also gon 


Summary 


Experimentally determined permeabil 
ities found to 
pected behavior, presumably because of 
adsorbed flow or mobility of an adsorbed 
layer of gas. Molecular, or Knudsen, 
flow found to be the main method 
of transport. 


were deviate from ex 


Was 
The separation that was obtained with 


mixtures of gases fairly 
with calculations made using the exper 


agreed well 


imental values of permeability, even 
though the ratio of experimental pet 
meabilities differed from the theoretical 


ratio of molecular weights. 


Oc, x74, x78, and F. this cubic The use of the equation presented 
equation can be solved for the per | Equation (21)] and the experimental 
meated-gas composition Se". Substitu- permeabilities is considered, at best, a 
tion in the equation (see Appendix, semiempirical method of calculating the 
Equation 142 ) 

xB (25) 

2 
— Fx,*) — — F) px,4 + Og( 1 — F) px,4 + 
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‘ 
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PERMEATED GAS COMPOSITION: MOL FRACTION Ho 
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— 
= .493 
P = 103.5 PSIA => 
P = 14.4 PSIA 
a 3.1 oun 
-xX =,493 
P = 72.6 PSIA — 
P = 14.4 PSIA 


= 14.37 PSIA 


& =3.64 
oul 
@ = .331 
a7 P = 606 PSIA 
P = 14.37 PSIA 
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Fig. 9. H, — CO. separation by porous glass 
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Fig. 10. H co O. separation data 


behavior of a single stage of separation 
It is that these 
not fully describe the phenomenon of 


believed equations do 
gas separation by porous media 

On the these 
porous glass was shown to be a 


basis of experiments, 
very 
efficient porous medium for the separa 
tion of gases. 


These that 
additional experimental and _ theoretical 


experiments have shown 


work is required on the subjects of ad 


sorbed flow and the mechanism of the 
separation of gases by means of porous 
vlass 
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Notation 


@ constant 


constant 


b 

B = a constant 
d diameter of pore or duct 
f 


fraction of molecules striking wall and 
emitted with rondom velocity dis- 


tribution 

F, flow rate per unit pressure drop 

F fraction of feed gas permeating mem 
brane 


K, permeability constant (Q Vn 
K, == 
L length of pore 


membrane constant (Q \/ TM) 


M molecular weight 
N gos flow rate, (std.cc.)/(min), oF 
(moles) /(unit time) 
p cbsolute pressure on downstream side 
of membrane 
P absolute pressure on upstream side of 
membrane 
Pp’ average pressure (P + p)/2 
vapor pressure 
AP pressure drop across membrone 


corrected gas permeability, (std.cc.) 


(sec.)(sq.cm.)(em.HgAP) 
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radius of pore 
average radius 
gos constant 


brane 


membrane 
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Subscripts and Superscripts 


P 
ad 


P 


8 
f = feed gas 


gas 
p permeated gas 


Greek Letters 


meabilities 
N,/Qa 


= N./Np 
= viscosity 
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TERNARY SYSTEM 
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Material balance: v=1-—F 
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Ny = Ne + Ny (1B) 
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Controlled Volume Pumping 


Minute Flows 


of 


Process Equipment 


R. T. Sheen and A. D. Fell Milton Roy Company, Philadelphia, Pa. 


A new design is presented of a controlled volume pump which operates 
in the range of 3 to 3,000 ml./hr. against pressures from atmospheric 
to as high as 1,000 Ib./sq.in. This metering pump is furnished with a 
0.125- or a 0.25-in. diam. plunger on a 1-in. maximum stroke. It 
may be operated at speeds varying from one to 100 strokes/min. 


R. T. Sheen 


A. D. Fell, Jr. 
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n increasing need long has been felt 
A by industry tor the metered, accu- 
rate transfer of liquids in small quanti- 
ties in laboratory, pilot plant and devel- 
opment projects. Controlled volume 
pumps have been employed for the ac 
curate delivery of liquids in a normal 
range of one pint/hr. to as high as 50 
gal./min., and have been used as instru- 
ments and in conjunction with plant in- 
strumentation (7). A new controlled 
volume pump has now been designed to 
meet the need for still lower capacities, 
and will transfer with instrumental ac 
curacy liquids at predetermined or auto 
matically controlled rates in the range 
of one to three thousand milliliters (ml) 
per hour and against pressures as high 
as one thousand pounds per square inch, 

This pump. marketed under the name 
of mini?Pump, was first offered to indus 
try in the fall of 1950 after a period 
ot development and laboratory tests 
Design 


objectives and specifications 


were defined. Such a unit must be small 
in size, low in capacity and capable of 
operating against a relatively high pres 
sure, be flexible in its operation for 
adaptation to different types of drives, 
be capable of a wide range of capacity 
adjustment while in operation and be 
economical in cost. The unit must also 
small 
quantities with a high degree of repeti 


be capable of delivering these 


tive accuracy, preferably to be repro 
ducible within approximately 1%. 

The starting point for the design of 
such a unit was the liquid end in order 
features that 
would assure the desired accuracy in 


to incorporate — those 
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metering action. The step-valve design 
used in the larger sizes of controlled 
volume pumps had to be modified and 
redesigned to meet the required ob- 
jective. 


The step valve design employs a double ball 
check on both the suction and discharge side 
of the displacement chamber. This is done to 
insure positive check valve action so that if one 
ball check be held off its seat, because of either 
foreign particles in the liquid being pumped, 
or because of any slight irregularity in the ball 
01 seat, the chances are the second check would 
hold and assure a positive check valve action. 
These two checks in series on suction and dis- 
charge must then be designed in such a way 
as to pass automatically any air or gas that 
the 
prevent any entrapment of such air or gas in 
A gas bubble in 
would alternately 


might enter the pump with liquid and 
the displacement chamber. 
the displacement chamber 
compress and expand with reciprocation of the 
plunger and immediately affect the accuracy 
of volumetric displacement of the pump. 

Minifying the step-valve liquid end design re- 
quired a steepening of the angle of the passages 
in the liquid end to assure that gas purging 
would be automatic. It was also desirable that 
the displacement chamber be as completely oc- 
cupied by the plunger as possible at the end 
of each stroke, short of a machined fit or a 
piston-type fit. For this reason, it was decided 
that adjustment of the stroke length to effect 
variation in capacity must be made entirely on 
the length of the suction stroke so that the 
plunger would go to the forward end of the 
displacement chamber on each stroke regardless 
of the full length of the suction stroke that may 
be employed. To assist in accomplishing this 
objective and also to effect the design of the 
liquid end that could be manufactured from a 
precision casting, the liquid end was turned 90 
degrees to the plunger axis, and to the design 
employed on the regular larger pumps. 

The necessity for a design on stroke adjust- 
ment that would have the plunger finish each 
stroke at its forward end, dictated how stroke 
adjustment could be effected. A vernier screw 
adjustment is employed that will indicate to 
within 1% of full stroke length an adjustment 
The 
in a crosshead with a 


made while the pump is in operation. 
plunger is mounted 
hardened follower machined on the back, driven 
by a hardened eccentric cam whose movement 
is limited by the stroke adjustment screw on the 
suction stroke only (Fig. 1). The cam follower 
is returned and held against the face of the 
cam by means of a properly designed spring 
capable of maintaining positive contact between 
the face of the cam itself and the cam follower. 


The cam shaft runs in oilite-type bearings and 


the entire drive mech is contained in an 


oil bath to insure adequate and proper lubrica- 
tion of all moving parts and all bearing surfaces. 


It has been found that any individual 
pump can be accurately adjusted from 
1% to 100% of its stroke length giving 
a wide variation of capacity possible by 
stroke adjustment only. Any individual 
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pump therefore has a 100 to 1 range of 
capacity adjustment for a given speed 
and plunger size. Two plunger sizes are 
available, namely, 4%- and %-in. diam. 
By selection of plunger size and speed 
and by stroke adjustment, deliveries of 
1 to 3,000 ml./hr. can be obtained with 
pumps of this design. The liquid ends 
are so designed that either the '4- or 
¥-in. plungers may be used by simple 
change of the liquid end and plunger 
assembly in the field. 

Since this unit has its 
use in the chemical industries with a 
broad range of operating conditions and 
chemicals handled, it was necessary that 


widest 


a material of construction be selected 
that would permit use with a variety of 
chemicals and that, if possible, a single 
material of construction be selected. It 
was also desirable that this material be 
cast by the precision casting method, 
also known as the “lost wax” process. 
Such a method of casting makes possible 
a mass production of these small cast- 
ings with a detail and specification of 
dimensions that result in a saving on 
machine operations necessary for the 
final machining of the liquid end. Be- 
a relatively small amount of 
metal required for this liquid end, a 
material of construction that could be 


cause ot 


Fig. 1 


Cover removed from miniPump to show cam drive and stroke 


adjustment screw. 


Fig. 2. Motor-driven miniPump. 
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handled by the precision casting method 
was selected for maximum possible cor- 
Carpenter No. 20 
stainless steel proved to be the most 
practical solution to this problem, Teflon 
packing is used in the stuffing box. 

Complete flexibility in the selection of 
drivers for such a unit is desirable. 
Figure 2 illustrates a standard simplex 
unit with a Bodine right-angle gearhead 
motor driver. The over-all size of this 
unit is 9 in. wide by 12 in, long by 8 in. 
high and this unit weighs approximately 
42 Ib. 

A variety of speeds is available with 
this motor driver with three particular 


rosion resistance. 


speeds as standards to solve the problem 
for most applications, namely, 29, 57 
and 86 strokes/min. These speeds cor- 
respond to capacities of 225, 450, and 
709 mi./hr. with a %-in. diam. plunger 
and 900, 1800 and 2800 ml. with a 1%4-in. 


diam. plunger. 


If explosion-proof drive is required, a General 


Electric gearmotor unit is furnished, somewhat 
larger in size, and with corresponding speeds 
and capacities. A Thymotrol drive can be used 
that will give variation of speed possible over 
a 20-to-1 
variation is by means of a 10,000-ohm potentio- 


range by electronic control. Speed 
meter and is a straight line function of poten 
This may be 


manually or automatically set by a number of 


tiometer setting. potentiometer 
avtomatic controls permitting automatic control 
of the quantity of chemical delivered by the 
pump. 

A pneumatic drive by means of an air cylinder 
can be employed. A 1'2-in.-diam. air cylinder 
with o 1-in. stroke will give a capacity of 0.13 
ml./stroke with a ‘s-in. diam. plunger or 0.52 
ml./stroke with a '4-in. diom. plunger. The speed 
of the plunger on each stroke may be controlled 
through speed control valves supplied with this 
pump (Fig. 3). Stroke adjustment on this air 
operated unit is made while the pump is in 
operation by means of the adjustment screw on 
the rear end of the air cylinder, again limiting 
the length of the suction stroke. The air driven 


Fig. 3. Air-operated miniPump. 


Fig. 4. Automatic capacity regulation by instrument air pressure. 
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miniAir pump is operoted by a 4-way air valve, 
admitting air first to one-end of the cylinder and 
then the other end operates on normal plant air 
pressure. The 4-way air valve may be actuated 
by a meter electrically or may be directly driven 
by a meter located in a main stream flowline 
to give proportional feed of chemical to the 
main line. The speed of operation may be timer 
controlled using any type of programming or 
automatic control to set the speed and rate of 


operation. 


such as gas 
pneumatic motor 


Other drivers 
engine, ai 
could be utilized. 

The first applications for the 
Pump were found in the industrial labo 
Many are being used in pilot 


types ot 
motor, of 


ratory. 
plant experimental work as a basis tor 
determining whether application of a 
new process could be justified on a large 
scale, Commercial applications are made 
where the metering of this small quan 
liquid is desired with a high 
degree ot A typical applica 
tion of this unit in an automatn 


tity ot 
accuracy. 
process 
has been made in a large chemical plant 
i the South on automatic pil control, 
Phere 
to actuate the stroke adjustment and to 
et the length ot the stroke 
ment air pressure delivered from a pil 
In this installation, the 


a pneumatic positioner was used 


from mistru 


(hig. 4) 
screw on the stroke adjustment was re 


placed by a rod connected 
to the 
stroke 
part of the 


to maintain the stroke at required length 


positioning 
pneumatic cylinder so that the 
integral 


adjustment became an 


positioner directly operated 


to vive the desired pli value 


An installation is now being made at 
a Western power company of a similar 
unit for the addition of odorant to 


natural gas lines In this case, however, 
the driver is an air cylinder, actuated by 
The pump ts 


industrial 


natural gas. paced trom 


an electron type ot pacer 
with the impulse being given to an ex- 
solenoid operated valve 
controlling the stroking 
The length of stroke 
through the pneumatic positioner where 
the length is set by the rate ol flow oft 
natural gas through the main line. 
\nothetr pneumatic 
positioner to stroke length on the mim 
Pump ts 
atone 


plosion proof 
rate of the 


pump. is controlled 


variation of the 


being made in one of the 


energy installations where the 
pump will be employed for sampling of 
The stroke length of 


industmal waste. 


the pneumatic positioner is determined 
by instrument air pressure from a flow 
meter measuring the flow of waste from 
the plant operating on the height of 
liquid over a wer, 

Certain applications require a multi 
plicity of streams of different solutions 
to teed in direct ratio to each other or 
be held in direct ratio controlled by an 
Such 


external flow. an installation was 
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Fig. 5. A four-unit miniPump. Individual capacity regulation of four streams with a common driver. 


recently made at an atomic energy plant 
where four different streams were 
handled, ali of which had to be in fixed 
ratio one to the other. Occasionally this 
ratio had to be changed and it was desir 
able that this be accomplished while the 
pump was in operation. Figure 5 shows 
the pump furnished for this problem 
consisting of a gang arrangement of 
four miniPumps joined together. Each 
of the four units handles its own solu- 
tion and can be individually adjusted to 
any desired flow by the adjustment 
the rear of the pump while 
the pump is in operation. Such arrange- 
ment can be manufactured with a total 
of eight streams merely by extending 
the base plate and using a double shaft 
extension motor, and placing an addi- 
tional four units on the other side of 


screw at 


the integral motor gear drive. 

Two variables can be employed on a 
single pump or on a series of pumps 
arranged in this gang-type design. For 
example, a Thymotrol motor gear drive 
may be employed with variable speed 
control directly in proportion to main 
line flow. Speed and therefore chemical 
feed will follow a change in flow over 
a 20-to-1 range. Length of stroke of the 
individual pumps or pump may be varied 
by pneumatic positioning of stroke 
length, for example, to correct pH value 
of a highly variable flow of main line 
liquid. By extracting the variable of 
flow with motor speed, a highly sensi- 
tive pH control will result as the pneu- 
matic positioner then has only to follow 


Page 302 


changes in chemical characteristics of 
the system. Two element controls can 
also be used with the air actuated pumps. 
In this case, a flowmeter in the main 
line recording the flow can regulate the 
speed of stroking either electrically 
through a solenoid operated 4-way valve 
or directly with the air operated rotary 
valve mounted on the meter and giving 
a speed of operation in direct proportion 
to flow through the line. A pneumatic 
positioner can be adapted to the air 
pump changing the length of stroke as 
called for by the variable of chemical 
characteristics. 

In 1948 a controlled pump 
designed to deliver in straight line flow 
with zero pulsation was introduced (2). 
It is a characteristic of a normal recipro- 
cating pump to deliver the liquid being 
pumped by translation of a rotary mo- 
tion from a drive wheel to a straight 
line motion of a plunger so that delivery 
follows a sine curve. Where a duplex 
pump is furnished, the two cylinders are 
spaced 180 degrees apart in rotation so 
that one pump chamber is on suction 


volume 


while the other is on discharge, giving 
a double sine curve but still resulting in 
The pump introduced was 
designed as a duplex unit but with the 
rate of plunger travel controlled by 
cams. Each cylinder would accelerate 
to a constant rate of speed over most 
of the stroke then decelerate with the 
acceleration and deceleration of the two 


pulsation. 


cylinders overlapping and so designed as 
to add up to straight line flow. This has 
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the effect of a plunger traveling contin- 
uously forward at a constant rate of 
speed to get a constant rate of delivery 
of liquid to process in metered volume. 
Variation in capacity of such a pump 
was by means of speed control and the 
units available on the market at the 
present time were designed with capaci- 
ties of 0.1 gal./hr. to 1 gal./min. It was 
a relatively simple matter to employ 
cams of similar design for the drive of 
two cylinders on a miniPump delivering 
the metered amount in constant flow 
without pulsation. One application for 
this specialized design is the addition of 
vitamins in certain food processing. 

A typical application of the air oper- 
ated miniPump has been made charging 
electrolyte into batteries. As the batter- 
ies are conveyed along a production line, 
a photoelectric cell actuates a solenoid 
operated valve which causes the pump 
to inject a predetermined amount of 
electrolyte into the battery as it reaches 
the proper point in the production line. 
There are many possibilities for this 
type of application, such as injecting 
small amounts of liquids into containers 
or molds on production lines. 

In a number of processes, it is desir- 
able to control the strength of a concen- 
trated solution in a range where there 
is relatively little change in a metered 
variable such as a pH value, working 
particularly in stronger concentrations 
of solutions. A previous paper (1) de- 
scribes an automatic titration system, 
employing controlled volume pumps. A 
continuous sample is taken from process 
by one controlled volume pump and de- 
livered to a mixing cell. Another con- 
trolled volume pump continuously meters 
to this same mixing cell a standard 
titrating solution in measured volume 
so as to neutralize the strong sample 
from prcecess and to obtain a resulting 
pH value on a portion of the curve that 
can be readily measured for control pur- 
poses. A pH controller operating from 
this system then regulates the flow of 
strong chemicals to the process. In 
many such applications, the quantity of 
liquid from the bath and the quantity 
of standard titrating solution must be 
held to small volumes. This is particu- 
larly the case where the amount of 
sample going to waste would be a loss 
of rather expensive sample or expensive 
titrating chemicals. 
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Resistance and Compressibility 


H. P. Grace 


PART | 


he single useful and proved tool for 

attacking a cake-filtration problem is 
the filtration-rate equation. This was 
developed intuitively from Poiseuille’s 
law for viscous flow in capillaries and 
has been demonstrated experimentally 
by many workers, notably Ruth (50), 
Sperry (52), Carman (11), Lewis (40), 
and Bonilla (7), as applied to actual 
filter cakes under conditions both 
constant pressure and constant rate fil- 
tration. Although written in many 
iorms, the simplest is the general differ- 

Ag.Ap 


ential form, 
+ ) 


dl” 

dé 

The most important term in this expres- 
sion is a, the average specific cake re- 
sistance, since it is subject to wide varia- 
tion even when filtering the same sus- 
pension. The understanding of factors 
controlling the average specific cake re- 
sistance of a particular material is very 
limited, and prediction of a values from 
physical properties of subsieve particu- 
late solids is generally not possible. The 
only established fact concerning this im- 
portant variable is that it varies with 
filtration pressure (53, 13, 48, 39, and 
6) with most chemical cakes and that 
at filtration pressures below 50 Ib./sq.in. 
this variation can generally be expressed 
satisfactorily for a particular material 
and suspension condition as 


of 


O (1) 


awl” 


A 


a =a,+a'(Ap,)’. 2) 


( 


The exponent s, which constant at 
moderate filtration pressures, has been 
termed the “cake compressibility factor,” 


since a positive value of s accompanies 
the physical compression of the filter 
cake with increasing filtration pressure. 

The term a, average specific cake re- 
sistance, has been attacked from a more 
basic viewpoint in the study of viscous 
flow through packed beds of particulate 
materials, by many workers in other 
fields, notably Carman (12 and 75), Fair 
and Hatch (29), Fair (28), Hatch 
(31), Sullivan and Hertel (55), Sulli- 


Vol. 49, No. 6 


wil 


of Filter Cakes 


E. |. du Pont de N s and Company, 


, Delaware 


Experimental development and application of a compression-permeability tech- 
nique for studying the properties of compressible cakes is described. Results are 
presented for cakes of seventeen materials of subsieve and submicron ultimate 
particle size. Data on specific cake resistance, cake porosity, effective specific sur- 
face of cake solids, and physical cake compressibility are correlated over a range 
of uniform compressive pressure of from 1 to 2700 Ib. ‘sq.in. The effects of degree 


of particle flocculation in the feed suspension, as well as that of ultimate particle 
size and shape, are defined. Application of the Kozeny-Carman and other similar 
relationships to the data is considered, and the limitations of these relationships 
are stated where particle flocculation is a controlling factor. 


van (54), Keyes (34), Kozeny (35), 
Rose (47), Coulson (19), Anderson 
and Warburton Brownell (10), 
Durwez and Green (24), Iberall (33), 
Martin (417), Arnell (3), Furnas (30), 
Carman and Arnell (J6), Carman and 
Malherbe (17), Wyllie and Rose (57), 
Emersleben (27), Lea and Nurse (36), 
Mason (42), (9), and Dodd 
(23). The most successful outgrowth 
of this work as applied to particles of 
small size has been the Kozeny-Carman 


Brown 


equation, which was derived for viscous 
flow in granular beds by the assumption 
of perfectly random packing of discrete 
particles and through the use of a mean 
hydraulic pore diameter expressed in 
terms of the void fraction and particle 
specific surface. It was not derived on 
the assumption of spherical or uniform 
particles in the bed, it assumes no par- 
ticular particle shape or size distribu- 
tion, and no factors for such parameters 
appear in the equation. As usually writ 
ten, this equation takes the form 


(Apig, 


(3) 
(1 —e€)7AS,? 


al 


Theoretically, the constant A is a func- 
tion of both particle shape and orienta- 
tion (i.e., the shape of cross section 
available for flow) and the ratio of 
length of actual flow path to cake thick 
ness; this was demonstrated experimen- 
tally by Carman (/2) and later by Sul 
livan and Hertel (55), Sullivan (54), 
and Coulson (19) for beds with oriented 
packings. For random packing of in- 
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compressible beds (i.e., beds or cakes 
having a constant cross-section porosity 
trom top to bottom), A = 5 + 10% has 
been demonstrated experimentally for 
spherical and nonspherical particles by 
Carman (175), Fair and Hatch (29), 
Hatch (32), Lea and Nurse (36) and 
Blaine (5). The work of Carman using 
liquid permeability measurements veri 
fied this for particles down to 5 diam. 
and that this value held for 
mixed beds of different particles. The 
relative constancy of A for these cases 
was probably a result of the very ran- 
domness of packing the bed. 
Little work has been done with liquids 


flowing through beds of 


showed 


within 
subsieve par- 
ticles and practically none with particles 
The 
ultimate particle size of many materials 
handled by cake filtration falls well be 
low 5y, and in general these constitute 


of ultimate size less than 5y diam 


the class of materials said to form com 
pressible filter cakes. 

Considering the cake alone, the filtra 
tion-rate equation ( may be combined 
with the Kozeny-Carman relationship 
(3) and written as: 


ep, 


(1—e)KS,2 WV" 


This combination results in expressing 
the average specific cake resistance a in 
terms of cake properties, 


(1 


(4) 


~e)KS,* 


Page 303 


a - ° (5) 


2 


The experimental difficulties in applying 
this approach to compressible cakes of 
very small particles, using data collected 
from actual filtrations, are considerable. 
These difficulties arise from the fact 
that in filtration of compressible cakes 
the mechanical pressure stress on cake 
particles varies through the cake depth, 
causing a variation in cake porosity and 
specific resistance through the depth of 
the deposited cake (6, 48, and 73). Thus 
the term a in the filtration equation is 
defined as an average specific cake re- 
sistance and would necessarily have to 
be expressed in Equation (5) in terms 
of average porosity. A simple method 
of determining the correct average- 
porosity value from filtration data is not 
apparent. Curve 1 of Figure 3 illus 
trates this variation in cake porosity and 
mechanical-pressure stress through the 
filter-cake thickness. These data were 
obtained by sectioning of an actual filtet 
cake and direct measurement of section 
porosity, 

The varying porosity and mechanical 
pressure stress that occur in compres 
sible filter cakes result from the fact that 
the hydraulic-pressure drop across the 


cake is the major force giving rise to 
pressure stress within the cake. For the 
case of pressure filtration on a flat ver- 


tical surface, the sum of the mechanical- 
pressure stress at any point within the 
cake and the adjacent hydraulic pressure 
(referred to the filtrate pressure at 
downstream side of cake) is equal to the 
hydraulic-pressure drop across the cake. 
For this simple case the average specitic 
cake resistance becomes independent of 
cake thickness. This is not true, how 
ever, for more complex cases, which 


Page 304 


Chemical Engineering Progress 


will be discussed in detail in Part I] 
of this paper. 

In many respects the condition of a 
wide variation in porosity throughout 
cake depth is unique to the filtration of 
chemical cakes. Thus with cores of 
earth taken for permeability measure- 
ment in oil-well work (44 and 45), the 
porosity is relatively uniform, since it 
was established by the weight of earth 
above it and is unaffected by the rela- 
tively small hydraulic-pressure drop 
across it during permeability measure- 
ments. Also, in conventional air- or 
liquid-permeability measurements — to 
determine the specific surface of fine 
powders, it is common practice to com 


press the powd 


er slug mechanically be 
fore making the permeability measure 
ments; the hydraulic-pressure drop dur 
ing measurements is kept negligible 
compared to the initial compressive 
pressure, resulting in nearly uniform 
porosity throughout the thickness of the 
bed (17). In permeability measure 
ments on beds of sieve size or larger 
particles, the compressive effect result- 
ing from fluid flow is very small even 
for high flow rates. 


DRAINAGE BASE 


“POROUS SS END PLATES 


“LUCITE” ACRYLIC RESIN PISTON 


Fig. 1. (a left and b right) Modified compression-permeability cell and set-up counterbalance and 


of cakes of a single material. 

The experimental work reported in 
this paper initiates a direct attack on 
the nature and variation of specific cake 
resistance a, through the development 
and extensive application of a compres- 
sion-permeability technique for studying 
cake properties. Simply stated, this 
method involves the measurement of 
average filter-cake porosity « and aver 
age specific cake resistance a under con 
ditions of uniform applied pressure 


stress, for which a, and e,, the corre 


-ponding point values, are essentially 
constant throughout the cake structure 
For this case Equation (5) becomes 
1 
ay (6) 
Px 

and S, may be calculated directly from 
measured data. Analysis of this ap- 
proach has shown that with the knowl- 
edge of variation of a, and €, with com- 
pressive pressure p,, which would result 
from such a study, it should be possible 


to calculate the average specific cake 


resistance a for any desired conditions 
of Ap, in actual filtration. For the sim- 
ple case of pressure filtration on a flat 


CYLINDER BODY 


STAINLESS STEEL PISTON 


weights used for O- to 30-ib./sq.in. compressive pressure. Carver hydraulic press used for 30- to 


2700-Ib. ‘sq.in. compressive pressure. 


Method of Attack 


In view of these factors, a method 
whereby compressible filter cakes having 
uniform porosity through their depth 
could be formed and their permeability 
and porosity measured as a function of 
mechanical-pressure stress would appeat 
to be a practical approach to the applica- 
tion of granular-bed theory to compres- 
sible filter cakes. This approach has 
been suggested by Heertjes (32), Miller 
(43), and Ruth (49), and the last 
named employed this attack in a study 


vertical filtering surtace, this involves 
numerical integration and solution of 
Pi 
dp, 
a a 
using compression-permeability data for 
l/a, vs. Py The development of this 
equation and the equations required for 
use of compression-permeability data to 
solve more complex filtration cases, in- 
volving compressive pressures other 
than those resulting from friction loss in 
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CELL FILTER-MEDIUM RESISTANCE, 
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COMPRESSIVE PRESSURE 


Grade C porous end and base plates; two sheets of E. & A 
@ Grade C porous end and base plotes; two sheets of E. & A 


flow through cake, is given in Parts II 
and III of this paper 


Equipment 


Figure 1 shows assembled and disassembled 
views of the compression-permeability cell used 
in this work. The cell consists essentially of oa 
1.D. 


with dial-gavge micrometer, 


base with porous drainage plote, a 1.5-in 
hollow cylinder 
and pistons with porous ends. Mechanical pres 
sure was applied to piston by weights up to 
60-Ib. load, while a Carver press provided loads 
up to 5,000 Ib. 
piston 


In later work the stainless-steel 


was counterbalanced for compressive 
pressures down to 1.1 Ib. /sq.in., instead of using 
a lighter Lucite acrylic resin piston for low- 
This avoided disturbing 


the cake for piston changes during the run and 


pressure measurements. 
gave more consistent results. These pistons and 
base plates were of Grade C porous stainless 
steel backed by a heavy 8-mesh screen sup 
ported by a machined drainage area, the entire 
assembly being removable in ecch case. The 
the cell with 
either E. & A. No. 615 or 613 filter papers, 
given in Figure 2, provided means for correcting 


blonk-run correction curves for 


for cell flexure and filter-base compression as 
well as for cell-base and piston-erd resistance 


Experimental Procedure 


The seventeen materials used for study were 
examined by several methods other than the 
compression-permeability method, in order to 
obtain as much information as possible concern- 
ing their physical properties. The materials in 
dry form were examined under the electron 
microscope, and the photomicrographs of Figures 
4 to 7 were taken to establish size ond shape 
of ultimate particles. Nitrogen-adsorption 
measurements were also made, and specific sur- 
face values were calculated for each material, 
employing the Brunaver-Emmett-Teller method. 
Air-permeability measurements were made on 
the dry materials in most cases, using the Fisher 


subsieve sizer, ond the corresponding specific 
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1000 


5, 


Fig. 2. Blank compression-permeability run dato. 


surface was calculated for each, by use of the 
method and slip-flow correction presented by 
16), em 
3.5. Data on the 
various materials are shown in Table 1. 

In general, the 
tained about 50 g 
trations were employed with high-density ma 


Arnell (4), and by Carman and Arnell 
ploying a slip factor, Z 
suspensions examined con- 
liter solids; higher concen 
terials, such as carbonyl iron and tungsten. 
Suspensions were made up in distilled water or 
0.01 molar electrolyte solutions in most cases, al- 
though several were plant suspensions of filter 
feed, 


known. 


and exact electrolyte content wos not 


Freshly made suspensions were mechan- 
ically agitated 30 min., aged about | hr., and 
used for compression-permeability and compara- 
tive-filtration of 


measurements Suspensions 


OIRECTION 


FRACTION 


CAKE POROSITY. 


COMPRESSIVE PRESSURE 


10 1000 


6750 


. No. 615 filter paper 
No. 613 filter paper 


seventeen different particulate materials were 
prepored in various degrees of flocculation, and 
resulting filter-coke properties were studied. 

the 


measurements for this study, the 


In’ making compression-permeability 
suspension was 
introduced into the cell cylinder in aliquot por- 
tion, and a saturated cake was deposited over 
the filter paper on the bottom drainage crea 
by applying a slight vacuum of 1 in. Hg under 
the drainage oreo. After cake deposition, filtrate 
was added to the cylinder until the space above 
the cake wos filled. Then a piston with filter 
paper over its end wos inserted into the cylinder 
ond allowed to sink onto the coke surface, thus 
applying mechonical pressure directly on the 
coke. Filtrate from a constant-heod source (20 


to 60 cm. of fluid head) was passed through the 


oF FLOW 


| 
= 


(MECHANICAL PRESSURE APPLIED wER 


SURFACE OF ACTUAL FILTE® CAKE 
RFACE OF COMPRESS/ON- PERMEABILITY 


4 
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32 


CALCULATED MECHANICAL PRESSURE STRESS WITHIN CARE, L8 /SO 


Coke deposited from 5% 
superlight CaCO., pH 98 


q 


spension of Snow Top 


1—Actual filter cake deposited at 350 Ib. /sq.in.; hydraulic filtra 


tion pressure drop. 


I! .-- Compression-permeability coke subjected to 350 Ib./sq.in. 
mechanical pressure (coke wos unusually thick (7 to 23 
mm in usual test) to permit accurate sectioning). 


Fig. 3. Variation of porosity and internal pressure 
stress within cokes 
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cake at each increment of applied mechanical 
pressure, with filtrate-collection rate determined 
using a 5-mi. microburette and coke thickness 
determined from micrometer reading. The blank- 
run correction curves of Figure 6 were applied 
to these data and values of a,, €,, and S» vs. 
p. calculated. Example data and calculations 
for Tale C are shown in Table 2. 


For this cell design, the cell and filter- 
medium resistance was about 1% of the 
total resistance with the flocculated cal- 
cium carbonate cakes used and less with 
more difficultly filterable cakes. In all 
cases, the cake thicknesses used were 
within the limits of 23.0 and 7.0 mm. 
over the entire compression cycle, the 
cake diameter being 38.1 mm. Uniform- 
ity of mechanical-pressure stress within 
the cake under compression in the cell 
was checked by sectioning a calcium 
carbonate cake after it had been sub- 
jected to 350 Ib./sq.in. mechanical pres- 
sure and by direct measurement of sec- 
tion porosity. In order to improve the 
measurement accuracy in sectioning, a 
cake of 57-mm. final thickness was used 
instead of the cakes of 7- to 23-mm. 
thickness employed in actual compres- 
sion-permeability measurements. The 
results show that if the thickness-to-dia- 
meter ratio for the compression-per- 
meability cake does not exceed 0.6, the 
effect of wall support and bridging is 
negligible, and the porosity and pres- 
sure-stress distribution within the com- 
pression-permeability cake are uniform. 
Thus Figure 3 shows that the over-all 
porosity and pressure-stress variations 
within the 57-mm.-thick compression- 
permeability cake were about 12% of 
that experienced in an actual filter cake 
deposited at 350 Ib./sq.in. but that, over 
the 23 mm. of cake thickness directly 
below the piston (34 to 57 mm. from 
filter medium), the variations in poros- 
ity and pressure stress within the com- 
pression-permeability cell were less than 
1%. This shows that porosity and pres- 
sure stress were essentially constant 
with the 7- to 23-mm.-thick cakes used 
for the usual compression-permeability 
runs. 

Most permeability measurements fell 
in the range of 0.020 to 0.400 cu.cm. of 
filtrate collected in 50 to 500 sec. de- 
pending on material and degree of con- 
solidation. Reynolds numbers during 
permeability measurements ranged from 
10-2 to 10-8, again depending on ma- 
terial and degree of consolidation, de- 
creasing as consolidation proceeded with 
each material. After each increase in 
compressive pressure, sufficient time 
was allowed for the cake to reach an 
equilibrium consolidation, and permea- 
bility measurements were made only 
when no further consolidation was 
noted. The time between successive per- 
meability measurements varied from 2 
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to 5 min. for materials showing little or 
moderate compressibility to 10 to 15 
min. with very fine and highly floccu- 
lated materials showing a high degree 
of compressibility. The total volume of 
filtrate passed through the cake during 
a complete series of compression-per- 
meability measurements on a_ single 
material was very small and never ex- 
ceeded 10 cu.cm. No filter or electro- 
viscous effect was noted, and individual 
permeability measurements were en- 
tirely reproducible after equilibrium 
cake porosity was attained. 

In the case of both flocculated and 
dispersed calcium carbonate and titan- 
ium dioxide suspensions, duplicate runs 
were made on samples of similar but 
separately prepared suspensions. These 
duplicate runs showed good reproduci- 
bility of data even with different initial 
cake thicknesses, provided thickness to 
diameter ratio of 0.6 was not exceeded. 


Discussion of Results 
FILTER-CAKE PROPERTIES 


Figure 4 shows electronmicrographs 
of three spherical and two irregular ma 
terials used. The Dow polystyrene latex 
is of nearly uniform size, 0.44p diam., 
and, as suspended in 0.01 molar alumi- 
num sulfate, it was highly flocculated. 
The SF-grade carbonyl iron was in 
range of 0.25 to 54 diam. with a surface 
average diameter of 2.15, calculated 
from particle-size distribution obtained 
by sedimentation. The E-grade material 
was in range of 1 to 10% diam. with 
surface average diameter of 5.7, calcu- 
lated from size distribution. The UT- 
238 tungsten was irregular; its surface 
average diameter was O.4n from nitro- 
gen-adsorption measurements. Tale C 
was very irregular, being composed of 
thin plates of irregular size (0.5 to 
104), which resulted in a large surface 
per unit volume and a surface average 
diameter of 0.19% as measured by nitro- 
gen adsorption. The carbonyl iron 
powders as suspended in 0.01 normal 
sodium hydroxide were slightly floccu- 
lated, while UT-238 tungsten suspended 
in 0.01 normal sodium hydroxide and 
Tale C suspended in 0.01 molar alumi- 
num sulfate were highly flocculated. 

Figure 8 shows results of the com- 
pression-permeability study of these ma- 
terials. These are presented as the var- 
iation in specific cake resistance a, and 
cake porosity €,, with compressive pres- 
sure p, in plots a and d. Plot b shows 
effective specific surface S, calculated 
from a, and ¢«, using Equation (6) 
(assuming A = 5, as for random packed 
beds) as a function of cake porosity 
€,- Plot c shows physical compres- 
sibility Av/(Ap,v,) vs. compressive 
pressure p, for the cakes studied. 
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Fig. 4. Electronmicrographs of materials tested. 
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TABLE 1.—MEASURED SPECIFIC SURFACE VALUES FOR MATERIALS EVALUATED 


Measurements on dry powder 
Fisher sub-sieve Nitrogen Liquid compression permeability 
sizer* adsorption Effective 
S. Ss. S.t 
$q.cm. sq.cm./ Suspension void sq.cm./ 
Material cu.cm. solid cu.cm. solid conditions fraction cu.cm. solid 


Dow polystyrene latex, 58OG, lot { . 109,000 114,500 0.01 M Ak(SO,)s 0.875 52,600 
48g. solid liter 0.442 163,000 


Carbonyl iron powder, grade E ** . 12,480 17,900 0.01 N NoOH 0.457 14,300 
225g. solid/liter 0.401 16,500 


Carbonyl! iron powder, grade SF * . 26,700 37,400 0.01 N NaOh 0.423 32,200 
225g. solid ‘liter 0.356 33,700 


Tale C powder 130,000 315,000 0.01 M Al.(SO,) 0.83 123,000 
50g. solid liter 0.44 315,000 
0.34 410,000 


Tungsten powder, GE, grade UT-238 . 0.01 N NoOH 0.810 67,000 
315g. solid/liter 0.569 127,000 
0.49 (extrapolated) 149,000 


Superlight Snow-Top, calcium carbonate y Dist. Water 0.779 77,200 
50g. solid /liter 0.563 128,500 

0.48 (extrapolated) 162,000 

0.01 M Na,P.O,; 0.692 104,000 

50g. solid/liter 0.544 163,000 


Ti-Pure R-110, titanium dioxide . Dist. Water 0.772 201,000 
50g. solid /liter 0.572 261,000 

0.01 M Na,P.O 0.611 285,000 

50g. solid /liter 0.504 274,000 

E. & A. Kaolin A 0.01 M Al.(SO,), 0.577 114,200 
50g. solid ‘liter 0.344 160,000 

0.01 M Na,P.O 0.568 314,000 

50g. solid/liter 0.352 278,000 

G-60 Darco, activated carbon 0.01 M Na,P.O,; 0.85 60,000 
50g. solid/liter 0.65 ,100,000 

Iron blue pigment . Plant filter 0.943 ,120,000 
feed slurry 0.638 350,000 

Fine ilmenite dust, TFE-4 Y 0.01 M Al(SO,)s 0.862 82,000 
100g. solid liter 131,000 

(extrapolated) 164000 

Type A Linde alumina 0.01 M Al.(SO,)s 43,000 
. solid /liter 59,000 

200,000 

(extrapolated) 252,000 

Standard Super-Cel water 73,000 
. solid/liter 135,000 

Solka Floc BW-200 M AL(SO,) 1,500 
. solid /liter 15,000 

65,000 

Type A zinc sulfide suspension ; 252,000 
937,000 

Type 8 zinc sulfide suspension pH 9.07 588,000 
2,400,000 

Fine silica Plant filter 876,000 
Feed susp. . 7,500,000 


Corrected for slip flow 

Assumed K = 5 

S. = 136,000 sq.cm./cu.cm. solid as calculated from electronmicrograph. 

$. 10,450 sq.cm./cu.cm. solid as calculated by sedimentation measurement of size distribution 


Ss 27,800 sq.cm./cu.cm. solid as calculated from sedimentation measurement of size distribution 
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Results with the spherical carbonyl 
iron powders show a very weak initial 
flocculation which broke undet 
very low p, to yield a cake with nearly 


down 


constant a, and €, over a wide p, range, 
the values of €, being in the range ex- 
pected for normal packing of spherical 
particles. The change in effective 5S, 
with these spherical particles was small 
range of p, values and 
agrees 10 to 20% with the S, 
values from 

size-distribution data, and nitrogen-ad- 


wide 
within 


over a 


determined micrographs, 
sorption measurements, 

The high degree of initial flocculation 
existing with the spherical particles ot 
Dow polystyrene latex resulted in an 
initial cake of very high porosity 
0.95). The cake consolidated 
rapidly under increasing f,, giving a 
rapidly rising a, tunction and rapidly 


decreasing €, function, which tended to 
level out above 10 to 100 Ib 
pressure in the normal range 
of €, expected for spherical particles. 
The effective S, of the cake with these 
flocculated latex spheres remained con- 


sq.in, com- 
pressive 


stant for a short period of compression, 
cake by 
rose rapidly for a con- 
a period of cake 
from floc break- 

over a region 
floc breakdown 
and consolidation by rearrangement of 
ultimate particles only. The constant 
effective S, value over this latter range 
was only 20% that determined 
from the micrographs. 

Suspensions of the irregular tungsten 
and tale were highly flocculated and 
formed a_ flocculated cake structure 
which broke down slowly under increas- 
ing compressive pressure. The irregu 
larity of the particles with these 
terials promoted flocculation and a 
strong flocculated cake structure, be 
cause of the greater surface contact and 
interlocking possible in the flocs. At low 
compressive pressure, a, increased and 


conselidation of 
shifting of flocs; 
siderable range during 


representing 


consolidation resulting 
out 
miplete 


down; and leveled 


representing 


above 


«, decreased steadily with increasing fp, ; 
however, at higher p, values the varia- 
tion in a, and €, became more rapid as 
floc breakdown became more rapid. For 
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R-110 TiO, 


ZnS (type A) 


Fig. 5. Electronmicrographs of materials tested. 
these materials the effective S, mereased 
steadily with increasing p, and decreas 


ing ¢€,, indicating the complete tailurc 


of the Kozeny-Carman relationship a- 
unless an 


expressed in Equation (6) 


actual change in effective S, is assumed 
to occur during consolidation. 

Correlation of the physical compres 
sibility of the cakes, as is demonstrated 
in plot of results in 
a straight line with most materials, al 
though some, such as the Dow polysty- 
rene latex, exhibit a single point of in- 
flection. Although the absolute value of 
physical compressibility at a given fp, 
value varied widely for different mater 
the gradient o1 
of these physical compressibility 
did not for 
materials scatter in 


Figure &, 


lals, compressibility 
slope 
greatly most 


The 


these curves of physical compressibility 


curves vary 


examined 


results largely from the plotting of orig 
inal data directly in incremental form 

Figure 5 shows photomicrographs of 
three irregular-shaped particulate ma 
terials which were each studied for two 
different 
flocculation. 


degrees of teed-suspension 
The ultimate particles o 
carbonate irregular 
of 0.2 to 1.Op 
and had a surface average diameter of 
determined from 
adsorption measurements. The ultimat 


calcium were of 


shape in the size range 
0.37 as nitrogen 
particles of titanium dioxide were ir 
regular in shape but relatively uniform 
in size, having a surface average dia 
meter of 0.18, as determined from 
nitrogen-adsorption measurements. The 
micrographs of the suspensions of zinc 
sulfide precipitated by different proced 
ures suspension A to be 
highly flocculated than suspension B, 
with the ultimate particles probably un- 
der O.ly in size. 

Figure 9 shows the results of com 
pression-permeability study of these 
materials in the same manner as Figure 
8. At low values of p,, the more highly 
flocculated suspension of each material 
results in a cake with a fivefold to ten 
fold lower a,, and a higher ¢,, than does 
the more dispersed suspension. Both a, 
and ¢, of the cake deposited from the 
flocculated 


show more 


suspensions are much more 
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ZnS (type B) 


pressure dependent than the a 
cakes 
more dispersed suspension, 

For the titanium dioxide of relatively 
uniform ultimate particle size, the effec 
tive S, values for cakes from both the 
tlocculated and the dispersed suspensions 
leveled out on consolidation to a 


and 
the 


values for deposited trom 


value 
in general agreement with values indi 
cated by micrographs and determined 
With the 


a nearly constant 


irom nitrogen adsorption 
dispersed suspension 
effective S, indicating 
initial dispersion and little floc break 
With the floccu 
lated titanium dioxide, the effective S 


yood 


resulted, 


down on consolidation, 


o 
increased only before leveling out, 


indicating rather rapid floc breakdown 


where irregular particles were all of 


nearly equal size and very similar in 
shape. 

The highly flocculated suspension of 
calcium carbonate shows a continual in 
effective S, the 
consolidation range considered, 


the less flocculated suspensions produce 


crease m over entire 


while 


a cake which showed an initial increase 
in effective S, but which exhibits a 
eftiective S, at a 
im close agreement with that obtained by 
Vhe 
dissimilar particle shapes present im this 


leveling out of value 


nitrogen-adsorption measurements 
material probably promote a strong floc 
culated structure and make complete dis 
persion more ditheult 

The large 


for the differently treated su pensions 


difference in the values of 
ap 
of zine sulfide and the high degree of 
compressibility of cakes from both su 

pensions is well shown by these meas- 
urements, These materials were highly 
flocculated as eviden ed by the rapid in 
etiective S, ol the 
entire consolidation range covered, Al] 
though both were highly flocculated, an 


to ten-fold difference in cake re 


crease each ovet 


eight 
sistance existed between these materials, 
emphasizing the large effect of even 
small changes in degree of flocculation 

Figure 6 shows micrographs of four 
materials studied, 
including three plant materials of small 
ultimate-particle The kaolin 
made up of irregular size and shapes of 


additional irregular 


was 
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Linde alumina Fine ilmenite 


= 
BW-200 Solka-Floc : Standard Super-Cel 


Fig. 6 and 7. Electron- and photomicrographs of materials tested. 
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thin plates, 0.25 to 2m in diameter, and 
the surface average diameter from ni- 
trogen-adsorption measurements was 
0.354. The G-60 Darco, fine silica, and 
iron blue pigment were made up of ir- 
regularly shaped particles of O.lp» or 
smaller size, but highly flocculated as 
normally handled. The particles of iron 
blue pigment appeared to be quite uni- 
form in size and shape compared to 
those of G-60 Darco and fine silica. 

Figure 10 shows the results of com- 
pression-permeability study of cakes of 
these materials. The important effect of 
initial-suspension flocculation is again 
apparent from the results with the two 
differently flocculated kaolin  suspen- 
sions. The effective S, of cakes from 
both these suspensions approaches a 
constant value at low ¢, which agrees 
within 20% with the value measured 
by nitrogen adsorption. 

Results with cakes of the three very 
fine materials emphasize the high cake 
porosities which can be expected to re- 
sult with cakes deposited from the highly 
flocculated suspension of such materials. 
A high initial porosity (0.85 to 0.98) 
and a relatively low a, are characteristic 
of these cakes, as are a rapid decrease 
in €, and increase in a, with increasing 
fp, and cake consolidation. A rapid in- 
crease in effective S, as consolidation 
proceeds is characteristic of these ma- 
terials and is representative of the 
gradual collapse of the flocculated struc- 
ture to form a more uniform packing 
of the ultimate particles. With the rela- 
tively uniform-size and -shape particles 
of iron blue pigment, the degree of floc- 
culation was not so great as with more 
irregular silica and Darco, resulting in 
the effective S, leveling out to a con- 
stant value as consolidation proceeded. 
Near the end of the consolidation range 
covered, the effective S, values for fine 
silica and G-60 Darco also started to 
show evidence of a leveling out of 
effective S, values. 

Figure 7 shows micrographs of four 
additional materials studied, including a 
diatomaceous earth and a fibrous filter 
aid. The Standard Super-Cel is of ex- 
tremely irregular and random particle 
shape and covers a wide particle-size 
range; the surface average diameter 
from nitrogen-adsorption measurements 
was 0.524. The BIV’-200 Solka-Floc was 
fibrous and was the only material ex- 
amined which was composed of deform- 
able particles; the surface average dia- 
meter from nitrogen-adsorption meas- 
urements was 4.84. The T7TFE-4 fine 
ilmenite was of moderately irregular 
particles of 0.25 to 5 size with a sur- 
face average diameter of 0.37 as deter- 
mined from nitrogen-adsorption meas- 
urements. The Linde type A alumina 
was of relatively uniform-size particles, 
0.25 to 0.5u, of thin platelike structure, 
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diameter of 


nitrogen- 


surface 
determined 


with a 
adsorption measurements. 

Figure 11 shows the results of com- 
pression-permeability study of filter 
cakes of these materials. The extreme 
irregularity and randomness of particle 
shape and wide particle-size distribution 
in the Standard Super-Cel do not ap- 
pear to be a major factor affecting de- 
pendence of a, and f,, since variation 
of a, with p, much for the 


average 


as from 


is less 


Standard Super-Cel than for the highly 
flocculated, 
ultimate 


but relatively uniform in 


size and shape, particles of 
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315 g./l. of 0.01 N 


50 g./l. of 0.01 M Al.(SO,) 


Fig. 8. Compression-permeability data. 


Linde Type 4 alumina. The #I1’-200 
Solka-Floc shows a much greater varia- 
tion of a, with p, than was encountered 
for any other materials examined; this 
probably results from the deformable 
nature of these fibrous particles. A much 
greater change in effective S, with con- 
solidation of the cake was also charac- 
this material. Here the in- 
crease in effective S, of the bed prob 
ably represents collapse of cake struc- 
ture because of fiber deformation as well 
as floc breakdown. The much greater 
changes accompanying particle defor- 
mation or crushing indicates that this 


teristic of 


Chemical Engineering Progress 


effect was not 


urements 


a mayor tactor 
the other 


in meas- 
made on materials, 


CAKE RESISTANCE 


In general, the curves of a, vs. py 
vary considerably in form for the seven 
teen materials examined and do not lend 
themselves to direct mathematical treat 
ment. » were calculated 
directly from Equation (1), as indicated 
in Table 1. 
dead-void volume hypothesis proposed 
by Ruth (49) showed that it was based 
on the assumption of a simplified por 


The values of a 


Early examination of the 
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| 


osity tunction and excessive extrapola- 
tion of original data plotted as (flow 


rate/liquid head)’ specific void 
volume, These data, which cover a much 
wider range of compressive pressure, 
show that such a plot in reality is not 
a. straight line at high compressive 
pressures but is a curve which passes 
through the origin. Plots of original 
data in the form of (flow rate/liquid 
head) vs. «4/1 —«, which is the estab- 
lished porosity relationship of Equation 
(6), resulted in smooth curves over the 
entire porosity range, and these curves 
passed through the origin, indicating no 
so-called dead-void volume. 

With many of the materials, semilog 
plots of a, vs. €, resulted in a straight 
line over a considerable range of por- 
osity, plot 1 of Figure 12 indicating a 
relationship of the form a, = e~'*tr. 
This is in contrast to the exponential 
relationship Durwez and Green (24) 
found between their resistance 


Vs. 


Viscous 
coefficient and porosity for consolidated 
porous media. The porosity range over 
which this relationship was 
found to hold corresponds to that over 
which a similar relationship holds for 
plots of § p (Fig. 8 to 11). The 
values of a, and the form of the a, vs. p, 
curves for a given material varied 
widely, depending on degree of floccu 
lation existing in the prefilt with var- 
ious electrolytes present. That this wide 
variation in represented actual 
changes in particle flocculation was con- 
firmed by microscopic examination and 
light-extinction measurements on pre 
filt suspensions, as will be discussed in 
Part Il of this paper. The hypothesis of 
Ruth (49) that a back electrosmosis or 
electroviscous effect might account for 
these same effects was considered in the 
light of recent theoretical work by Booth 
(8) and Elton (26). However, calcula- 
tions based on the formulas that they 
developed for predicting the magnitude 
of this effect show that at the electrolyte 
concentration employed, the effect would 
be negligible even if a_ back 
trosmosis or electroviscous effect exists. 
Experimental verification of this effect 
is still lacking ; moreover, recent experi- 
mental work by Dobry (22) has indi 
cated that this postulated effect cannot 
be realized in practice. 


semilog 


VS. € 


ay 


elec- 


PHYSICAL COMPRESSION OF CAKE 


Data of Spencer (57) on the consoli 
dation of dry granular polymers under 
very large compressive pressures show 
€ €,e~ 7, to describe satisfactorily 
the average porosity variation with com- 
pressive pressure at compressive pres- 
sures above 2,000 Ih./sq.in., but corre- 
lation below this compressive pressure 
was poor. Other such correlations by 
Lecuir (37), Durwez and Zwell (25), 
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and Lipson (38) are also applicable 
only to very high compressive pressures 
as used in powder metallurgy, and they 
deal in general with the case of non- 
uniform porosity distribution existing 
in dry powder compacts of length-to- 
diameter ratio greater than unity under 
very large compressive pressures. These 
references report, however, that the ad- 
dition of a small amount of a liquid to 
the compact greatly increases uniformity 
of compact through a lubricating action. 
This bears out the results of this work, 
which show that, with liquid-saturated 
cakes of thickness-to-diameter ratio less 
than 0.6, essentially uniform porosity 
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distribution exists in the range of com- 
pressive pressures (1 to 2700 Ib./sq.in.) 
as used in this study. The very fine 
particles in the filter cakes probably re- 
sult in an entirely different 
from that encountered in compaction of 
plastic and metal powders, very 
fine particles are avoided. As discussed 
by Crone (20), the role of fine particles 
in determining the initial cake structure 
and manner of any subsequent consoli- 
dation is probably controlling through 
the development of an initial structure 
of large flocs and voids. The 
strength of this flocculated structure de- 
pends on (a) the 


behavior 


where 


large 


surface-to-volume 
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Fig. 9 (a to d). Compression-permeability data. 


ratio of the ultimate particles, (b) the 
contact area between particles per unit 
volume of ultimate particle, (c ) mechan- 
ical interlocking of particles packed to- 
gether to form flocs, and (d) strength 
of surface forces causing adhesion of 
particles within the floc. Assuming (d) 
remains constant per unit area of con- 
tact, anything causing an 
(a to c) would increase strength of 
flocculated structure. Irregularity ot 
particle shape is the single factor which 
will increase (a to c) and it, therefore, 
should promote strength in the floccu- 
lated cake structure. This 
out by compression-permeability results 
on spherical and irregular materials. 
Flocculation was difficult to obtain with 
the spherical particles, and the resulting 
tlocculated cake structure broke down 
rapidly at low p, values. With irregular 
flocculation difficult to 
prevent and resulted in a cake structure 
which broke down slowly over a wide 
fP, Tange. 

Data on the seventeen materials ex- 
amined by  compression-permeability 
measurements show previously 


oped relationships (51, 37, 25, 


increase in 


was borne 


materials, was 


devel- 
and 38) 
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10 


COMPRESSIVE PRESSURE, P,, /SQ.IN 


with 


sq.in., 


for ¢€, variation to fail badly 
below 1000 Ib. which the 


main region of interest in this work. The 


Was 


logarithmic plots of physical compres 
sibility, Av/zv,Ap, vs. fp, of Figures 8 
to 11, give a single straightline correla 
tion for each material over the total p, 
range from 1 to 2700 Ib. with 
fourteen of the seventeen materials used. 


sq.in., 


Three of the materials showed a single 
inflection point, indicating a change im 
The seatter of 
points on these plots results largely from 
calculations 


consolidation mechanism 
based on increments be 
tween actual data points rather than on 
imerements between poimts on a 
the physical 
compressibility can also be written as 
A(1/1 —«,)/Ap,, the plots of Figures 
8 to 11 yield the relationship d(1/1 
= Integration, for y*—1, 
results in a final porosity-pressure func 
tion, 


smoothed curve. Since 


ap,’ 


(7) 
y+] 

both and 
can be determined from Figures 8 to 11, 
while 
tion. 


where a and y are negative 
can be calculated by substitu- 
For 1, the value 
is less have 


values of Y 
than 1.0 


significance. 


and 
For 


the value of €, is 


of may 


physical values of 
y¥<-l, 
1.0, and the relationship probably fails 
at some very small value of p, 


With 


carbonate, 


greater than 


dioxide and 
both 


exhibiting 


titanium calcium 
were studied as 
prefilt dif 
ferent degrees of particle flocculation, 
material deposited from the more highly 
flocculated prefilt cake 


which 


deposited from 


resulted in a 
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c 


of higher initial «, and lower initial a, 
than «did the 
from the less flocculated prefilt. In a 
more flocculated ma 


same material deposited 


similar manner the 
terial exhibited a greater physical com- 
pressibility 


crease in a, with increasing p,, empha 


as well as a more rapid in 


sizing the role of particle flocculation in 
the physical structure and 
properties of the resulting cake. 


determining 
KOZENY-CARMAN RELATIONSHIP 


All the 


with the exception of the spherical car- 


seventeen materials examined, 


bonyl iron powders, showed an appre 
effective S, 
from Eeuation (6), as 


ciable change in calculated 
cake consolida 
tion proceeded and €y decreased (shown 
in plot b of Figures & to 11). With 
many of the fine materials, where a high 
existed, this in 


degree of flocculation 


crease was a hundredfold or greater im 


magnitude. This increase in effective S 


o 


with decreasing porosity can be satisfac 
torily described by S, . »— Be 


over a 
consolidation 
the 
Figures 8 to 11 
leveled 
incheating 
and 
satisfied by a constant S, 


considerable range, as 


straightline plots of 
The 
out at low 
that floc 


equation 


shown by 
curves for several 
materials 
values, 


porosity 
breakdown 
was complete (3) was 
value. A few 
showed a brief period of nearly constant 
eflective S, at very high porosities, 
which was probably representative of a 
cake Te- 
arrangement of floc packing without floc 
breakdown. Overt the 
interest, however, application of Equa- 
tion (3), as kK 52 10% as 


established for random-packed beds of 


period ol consolidation — by 


Most ol 


range ol 


uming 
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larger particles of varying shape, re- 
sulted in a changing effective S,. Thus, 
unless the view is accepted that the 
effective S, influencing flow through 
most filter cakes changes during con- 
solidation and is dependent on conditions 
of pressure stress existing in the cake, 
it must be concluded that the Kozeny- 
Carman relationship is not satisfactory 
as applied to the compressible filter cakes 
studied. 

The reason for the apparent failure 
of the established relationship in this 
case is the changing quality of voids 
which accompanies increasing pressure 
stress with compressible cakes. In de- 
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Fig. 10. Compression-permeability data. 


riving the Kozeny-Carman relationship, 
Kozeny made and Carman accepted sev- 
eral assumptions that are not valid for 
the case of compressible filter cakes. 
Carman (14) has clearly stated these 
limiting assumptions. The derived re- 
lationship assumes that no pores are 
sealed off and that all voidage is avail- 
able to fluid flow; this may be open to 
question with compressible filter cakes, 
where actual physical compression with 
increasing pressure stress may halve the 
cake thickness. On the other hand, re- 
cent work by Warren and Libsch (56) 
on pressing metal-powder compacts 
shows that 100% of pore volume is 


Chemical Engineering Progress 


F F 
3 
14 
f+ 
ry 
3 < | 
} 10 + + + 
= | > + + 
10 100 1,000 10,000 
03 os o7 os 
COMPRESSIVE PRESSURE, , IN 
CAKE POROSITY, €,, VOID FRACTION 
a + +4 +4 + z | 
if 
a 
| 
a 
~~ 
| 
> 2 
| 
0.4 
“Re 
0.3 
10 100 1,000 10,000 
; COMPRESSIVE PRESSURE, L8./SQ. IN. 
€. & A. Kaolin 
50 g./l. of 0.01 M AI.(SO,) 
@ & A. Kaolin 
50 g./l. of 0.01 M Na,P.O; 
, G-60 Darco 
50 g.- of 0.01 M Na,P.O. 
A iron blue pigment 
Plant filter feed 
COMPRESSIVE PRESSURE, P., LB8./SQ. IN. 
Fine silica 


available to flow even after pressing at 
75 tons /sq.in. pressure. More serious is 
the assumption that the pores are and 
remain reasonably uniform in size and 
shape throughout the bed as consolida- 
tion proceeds. This implies that par- 
ticle agglomeration or flocculation is not 
a factor. Cakes formed of particle ag- 
glomerates result in a bed containing 
relatively large voids between agglom- 
erates and small pores within the ag- 
glomerates (small and large pores in 
parallel). As the pressure is increased, 
the initial effect is for the agglomerate 
to deform or break down with reduction 
of the large voids between agglomerates 
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and a tendency toward a more uniform 
packing and voidage distribution. Thus 
particle flocculation during cake forma- 
tion (small and large pores in parallel) 
results in too low a calculated specific 
surface at low pressure stresses (high 
porosity) and causes the calculated par- 
ticle specific surface to increase toward 
the actual value for the discrete particles 
as pressure stress is increased and floc 
breakdown or proceeds. 
This is the effect noted with many of 
the materials studied. 

however, with a 
particle-size distribution and_ particle 
segregation during cake formation 
(small and large pores in series), the 


deformation 


Conversely, wide 
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Fig. 11. Compression-permeability data. 

calculated specific surface at low-pres 
sure stress (high porosity) will be too 
high; but, as the pressure stress is in 
creased, the cake will tend 
more uniform packing, and the caleu- 


toward a 


lated particle specitic surface will ce 

crease toward the actual value for the 
discrete particles. This effect was ob- 
tained with a very permeability 
cake of kaolin deposited from a dis- 
persed suspension, the time of deposition 
being so long that considerable sedimen- 


low 


tation occurred, giving particle seyrega- 

tion within the cake. 
This difficulty of an 

fective S 


increase in ef- 
with decreasing fy has been 


reported recently by Carman and Arnell 
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ilmenite 


(1/6), Carman and Malherbe (17), 
Childs and Collis-George (78), Robert 
Mason (46), and Dalla Valle 
working in the field of specific 
measurement oO} 


son and 
(21), 
surface fine dry 
ders and fibers by permeability methods, 
For fine-particled the 
effect is undoubtedly caused by particle 

This results in a 
distribution 


pow- 


very materials 


flocculation, nonuni 
and 
small pores in parallel before consolida- 


form pore with large 


tion and an effective specific surface, 
calculated from permeability measure- 
ments, which is less than that ulti- 
For 


the fibrous materials, the effect is prob- 


for 


mate particles, as discussed above 


ably caused by nonuniform pore distri- 
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bution resulting from fiber deformation 10'4 —~ 
and changing pore shape as well as from + i PREDICTED BY KOZENY-CARMAN FOR ——}————_ 
flocculation. On the other hand, recent t= CONSTANT S, AND K+ $———— : 
work by Martin (47) on the effect of ‘ + : —}—- 4 
spheres has shown that the Kozeny- poe \ 
Carman relationship gives at least the - — = 
correct order of magnitude for a wide — = ‘ > 
range of pore shapes resulting from pre 
pared geometrical packings of discrete 
spheres of large size. 

The alternates to acceptance of varia- 12 
tion of effective S, of filter-cake mater- + 
ials as consolidation occurs are (a) em- 
pirical correction of the porosity fune ° = ¢ 
tion of Equation (6) to satisfy condi 
tions of a constant S,, or (b) assump- ® t + 
tion that K is not a constant but in- Gees 
creases during consolidation, thus ac ——- 
counting for the increase in effective S, 
calculated assuming A is constant. The === 
upper plot of Figure 12 shows a, vs. 
determined by compression-permea- i | 
bility measurements on several of the = 0 | | 
materials examined, It also shows the ~ 
predicted variation of a, with ¢, ac- 
cording to Equation (3), assuming S, 1 T 1 
remained constant as initially deter- 
mined for each material and K = 5, T 
Thus, the slope of all predicted curves 10? | 
is the same and representative of the 03 0.5 06 os 10 
porosity function (1 —«,)/e,* as con- CAKE POROSITY, €,, VOID FRACTION 
tained in Equation (6). The slopes of ) Tak ¢C A E.&A. koolin 
the actual curves could be used to estab- 50 g./l. 0.01 M Al.(SO,)3 50 g./l. 0.01 M Al.(SO,)3 
lish an empirical porosity function of @ UT-238 tungsten [J] 8W-200 Solka-Floc 
the form However, there is little 225 g./l. 0.01 N NaOH 50 g./l. 0.01 M Al.(SO,)3 

evidence in favor of this since the values 50 g./l. 0.01 M Nawp.0; 
of B’ appear to be different for each 
material. Other porosity functions have 
been adopted by Keyes (34), Arnell 10,000 
(3), Furnas (30), and Brownell (10), i ee - 
shape and, therefore, also necessitate 
experimental determination with each | 
filter-cake material where flocculation is | 
a factor. 4 

On the other hand, if the existing 44—— 
porosity function is correct and S, re 
mains constant, then must increase 
with consolidation as a result of change z ‘ae \ — 
in shape of void passages and an in- 3 + + \ 
crease in the length-of-flow-path-to-hed- | 
Coulson (79) has recently shown that K 
may vary from 3 to 15 with different _ 
orientations of platelike materials and 
also may increase considerably as con- « ease 
solidation occurs with beds of platelike 
particles. Recent work on permeability 4 
of fibrous beds by Anderson and War- 
burton (2) and by Brown (9%) has con 8 — 
firmed earlier work by Sullivan and 
Hertel (55) which showed that K — | 2 
changes with packing orientation and } 
could be expected to change on consoli- | 
dation. Adamson (J) and Wyllie and ‘ | 
Rose (57) have recently reported that 0.3 o4 os 06 07 0.8 0.9 1.0 
very large values of A have been deter- CAKE POROSITY, €,, VOID FRACTION 
mined for consolidated porous media, Fig. 12. Empirical correction methods for Kozeny-Carman equation 
employing an independent method of for specific materials. 
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J 


measurement, and that an increase in A 
occurs on consolidation. .\ drag theory 
for permeability ot porous fiber beds re 
cently Iberall 
predicts an increase in A 
tion occurs. The 
ure 12 the variation of A’ oc 
curring several of the 
studied, assuming that the porosity func- 
tion of Equation (6) is correct and that 


proposed by (33) also 
is consolida- 
lower plot ot Fig 
shows 


with materials 


K 5 before consolidation was started. 
The resultant increase in K is a 
drediold or greater in 
while that indicated by most of the re- 


hun 
several Cuses, 
cent references cited above is only two- 
to twentvtfold. On the basis of this cited 
work and also on the theoretical basis, 


such a large increase in AK alone is difh- 
cult to justify. The variation of K may 
be expressed as a simple function of €, 


over a considerable consolidation range. 
It is significant. however, that the effec- 
tive S, value calculated for many of the 
cakes studied, assuming K 
near the S, 


5, is very 
value measured by nitrogen 
adsorption, provided the bed porosity is 
reduced to a voidage range of 0.4 to 0.5 
(Table 1). This is the normal porosity 
range for random packing of a wide 
range of irregular materials too large to 
be affected by flocculation and is the 
for which K 5 + 10% 
established for 
This indicates that A 
be true 


pore sity range 


was random packing. 
actually 
the bed 


floc 


5 may 
consolidation of 
point where 
breakdown is complete and a random 
packing of the ultimate particles is 
achieved. This viewpoint agrees with 
that of Carman and Malherbe (17) 
strongly advocate measurement of S, at 
the 


when 


has proceeded to a 


who 


“normal porosities,” i.e., in 
0.4 to OS 

The most tenable position at this time 
appears to be that both A and the effec- 
tive S, 
studied 


range 
of « 


vary with many of the materials 
The change in K with consoli 
dation is probably relatively small, pos- 
sibly a 25 to 100° increase at most, 
while the change in effective S, result- 
ing from floc breakdown during consoli- 
dation accounts for the larger variation 
with the highly flocculated materials. 
Thus, use of the Kozenv-Carman rela 
tionship with independently determined 
values of particle size or specific surface 
gives a highly inaccurate value of spe 
cific cake with most filter 
cakes because of the unknown degree of 
particle flocculation existing before cake 
formation. Conve rsely, effective speciic 
surface trom permeability 
measurements on a deposited filter cake 
is dependent on the degree of floccula 
tion existing before cake deposition and 
on compressive (de 
at the 
As a result, com 


resistance 


determined 


pressure existing 


consolidation achieved 


time Of measurement. 


gree of 


pression-permeability measurements on 


a single cake, or a series of actual con 
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stant-pressure filtration experiments, re 
main for establishment ot 
cake properties and filtration rates with 
each different suspension, 
ultimate particle and 
known, 


necessary 
even when 


size shape are 


Summary 


The compression-permeability method 
has been found to be a rapid and prac 
tical method for determining the proper 
This 
new method results in measurement ot 


ties of compressible filter cakes. 


specific cake resistance, cake porosity, 
and effective cake 
solids over a wide range of compressive 


specihc surtace of 


pressure, thereby complet 
definition of the filtration characteristics 
of a by study of a 


single cake. 


permitting 
given suspension 
Application of this tech 
nique to cakes of seventeen materials has 
shown: 

l. The compressible nature of most 
industrial filter cakes (i.e., the resultant 
in cake resistance with increas 
filtration 
largely from particle flocculation in feed 
“suspension 


nereas¢ 


ing pressure drop) results 
The greater the degree of 
particle flocculation with a given matet 
ial, the lower is the specific cake resis 
tance, but the more compressible is the 
cake 

2. Ultimate particle size and size di 
tribution have very little direct effect on 
the over-all 
tilter cakes 


i large effect, however. by 


compressibility of most 
Indirectly, particle size has 
promoting 
flocculation as the size becomes smaller 


and surface-to-volume ratio becomes 


larger. 
3. Particle shape has little direct et 
fect on over-all cake compressibility, but 
can have a very large indirect effect by 
flocculation. Thus 
whereas flocculation may not become im 
under 


greatly promoting 


conditions with 


spherical particles until the particle dia 


portant most 
meter becomes less than 1 to 2g, with 
very irregular materials flocculation can 
be an important factor under most con 
ditions even with particles having one 
or two dimensions as large as 20. In 
this respect the surface average diametet 
is a better criterion of flocculation ef 
fects than other particle-size informa 
tion. 

4. The physical consolidation of filter 
cakes under 
pressure can be correlated 
for 


increasing compressive 
satisfactorily 
the 
stress range likely to be encountered in 
filtration and 
operations, permitting prediction of re 
sults from a minimum of data 

5. The relat onship 
cannot be emploved in the usual manner 


most materials ovet pressure 


mechanical-expression 


Kozenyv-Carman 


when applied to filtration of compres 
sible filter For 
case, the specific surface of 
solids in the resulting cake depe nds on 


cakes this important 


effective 
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both the degree of flocculation in the 
feed suspension and the pressure stress 
existing filtration 
Thus independently measured values of 


under conditions, 
particle size or specific surface cannot 
be used to calculate filtration pertorm 
ance unless they are measured on cakes 
deposited irom the actual feed suspen- 
sion and the conipressive pressure exist- 
ing throughout the actual filter cake ts 
taken Application of the 


compression-permeability «method 


inte account 
will 
supply these basic data necessary to cal- 
culation of filtration performance under 
any condition of filtration pressure drop. 
Kozeny- 
Carman relationship, as applied to com- 


6. Empirical correction of 
pressible cakes, can be made for a given 
the 
meability measurements, but no general 


cake on basis of compression-per- 
correction or modification appears pos- 
sible where particle flocculation is a 


tactor 


Acknowledgment 


contained in 
made by Carl E. Wil- 
Fisher of the chem- 
Pont de Ne- 


urtace 
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Notation 


a constant in equation for physical com- 
pressibility, sq.ft. tb. 

A cross-sectional area of coke perpen- 
dicular to direction of flow, area of 
active filter medium, sq.ft. 

diflerentiol operator 
specific surface average diometer, « 
conversion factor in Newton's law of 
motion, 32.2 (lb.)(ft.)/(lb. force) 
(sec.) 
constant of Kozeny-Carman equation 
(5 + 10% for random packing 
ko 


constant, a function of particle shape 


of discrete porticles) 


and orientation in packed bed 
cake thickness in direction of flow, ft. 
length of actual flow poth through 
coke, ft 
hydraulic pressure at a point in coke, 
Ib. sq.ft 


hydraulic pressure on discharge side 


of cake cross section 

of filter medium, tb./sq.ft 

hydraulic pressure on coke side of 
filter medium, |b./sq.ft 

hydraulic pressure of exposed surface 
of filter coke, Ib 


total mechanical compressive pressure 


sq.ft 


developed in cake structure in di 


rection of flow, tb /sqft. of coke 
cross section 

total hydraulic-pressure drop across 

cake ond filter medium in pressure 


filtration, tb./sq.ft 


c 
p 
Pp 
p 
P 
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Ape = hydraulic-pressure drop across cake in 
pressure filtration, |b. /sq.ft. 


Q = instantaneous rate of filtrate flow 
through cake, cu.ft./sec. 
R... filter-medium resistance, 1/ft. 


s compressibility factor of filter cake, 
a = a + a'(p, — dimension- 


less 

S. particle specific surface, sq.ft./cu.ft. 
solid* 

vu = superficial flow velocity through cake, 
ft./sec. 

Vv volume of filtrate collected at time, @ 

v actual cake volume, cu.ft. 


Ye volume of solid particles in cake, cu.ft. 

W = total weight of solid particles in cake, 
Ib. 

7 weight of solid particles deposited in 
cake per unit volume of filtrate, 


Ib. /cu.ft. 

a average specific cake resistance of 
actual filter cake (weight basis), 
ft. /Ib. 


a, = specific cake resistance at any point 
in cake, ft./tb. 


a,&a' = constants of equation a = a, + a’ 
(p2 — p:)* 
8, B' = coefficients in possible empirical 


methods of correcting Kozeny-Car- 
man relationships when applied to 
cakes of flocculated particles 


8’ = constant in empirical equation 
ay = 
¥ physical compressibility coefficient 


= average cake porosity or void frac- 
tion, dimensionless 
ty = porosity, or void fraction, at any 
point in cake, dimensionless 
# = time of filtration, sec. 
pr = density of suspending liquid or fil- 
trate, Ib./cu.ft. 
Ps = density of solid particles, Ib. /cu.ft. 
= filtrate viscosity, Ib./ft.sec. 
Nee = pru/uS.(1 €,»), Reynolds number, 
dimensionless 


Consistent units, suitable for direct use in all 
equations of this paper, are given in this nota- 
tion. More readily grasped units have been used 
in plotting several of the curves shown in the 
figures. 
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Discussion 


Walter C. Graulich (Filtration Engineers, 
Inc., Newark, N. J.): I understand that 
the data were used for pressure filtration 
equipment. Do you think these formulas 
and data can be applied to vacuum filtra- 
tion? 


H. P. Grace: The compression-permeabil- 
ity technique and ail calculation methods 
presented can be and have been applied to 
vacuum-filtration problems. The greatest 
potential for the compression-permeability 
method is in the solution of pressure-filtra- 
tion problems, which involve a much greater 
latitude in the choice of filtration pressure 
and where this choice may be very critical. 
However, we have also found the value of 
the compression-permeability method to be 
particularly great with a new material 
where no previous filtration information is 
available and the field of filter selection is 
wide open to both pressure and vacuum 
equipment. In this case a single compres- 
sion-permeability run supplies sufficient in- 
formation for a quantitative comparison of 
expected performance at operating condi- 
tions within the range of both pressure and 
vacuum equipment. 


Presented at AIChE. Cleveland meeting 


Parts Il and III! will appear in forthcoming issues. 
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Continuous-Tunnel Driers 


D. B. Broughton and H. S. Mickley Massachusetts Institute of Technology, Cambridge, Massachusetts 


A new method of designing continuous-tunnel driers is presented, based upon a 


Design of Full-Scale 


simple experimental test in which the stock is exposed to the same sequence of 
drying conditions as would obtain in a full-scale continuous unit. This test directly 
determines the drying history of the stock as it passes through the proposed drier. 
The results are substantially independent of any assumptions concerning the 
mechanism of the drying process. The experimental equipment required is simple 
and cheap, and the tests may be performed by nontechnical people who have 


A’ the present time the complex me 
chanisms that control the rate at 
which the drying of a given material 
proceeds usually not 
analytical treatment. Consequently, the 
design of a continuous drier must be 
based upon experimental data obtained 
from tests of the material under consid- 
eration. Ordinarily, such tests fall into 


are amenable to 


one of two categories: 


1. A pilot model of the proposed drier is con- 
structed and tested, and the results are extrapo- 
lated for use in the design of full-scale equip- 
ment. 

2. Samples of the material ore dried in a 
small batch drier with a gas rate sufficiently high 
to assure that the gas enters and leaves at sub- 
stantially the same temperature and humidity. 
The results of a series of tests, each at a differ- 
ent gas condition, then are used to predict the 
rate at which drying will proceed in the full-scale 
continuous unit, in which the stock will encounter 
gas of continuously varying temperature and 


humidity. 


Both these techniques have serious 
drawbacks. The pilot model is expensive 
and not easily modified. The extrapola- 
tion of the pilot data cannot always be 
carried out in a sound fashion. The use 
of constant-driving-force data to predict 
actual drier performance is based upon 
two assumptions that in many cases are 
in error: (a) The instantaneous drying 
rate is assumed to be a point function of 
the stock-water content and the gas con- 
ditions and independent of the previous 
drying history, and (b) the stock is as 


Mr. Broughton’s present address is Universal 
Oil Products Co., Des Plaines, Illinois. 
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received minimum training. 


sumed to stay at a constant temperature, 
usually the gas wet-bulb temperature. 


Description of Design Method 


The design method proposed here cir- 
cumvents the the older 
techniques. As the stock moves through 
a continuous drier, its liquid content and 
Simul 


objections to 


(usually) temperature chang: 
taneously, the drying-gas conditions also 
change. This 
both stock and gas properties make it 
difficult to predict actual drying rates 
constant 


continuous variation im 


even when extensive data for 
drying conditions are available. Never 
k his 


be duph 


theless, it is apparent that the 
tory in a continuous drier may 
cated if the stock is fixed in place but 
subjected to the same continuously vary- 
ing This 
simulation of the actual drying proces 


external drying conditions 


is the principle of the design method 
proposed he Fo. 

The simulation method is most easily 
explained if 
used, 

Figure 1 
continuous, adiabatic, parallel-flow drier. 
The material balance for the liquid writ 
ten between the inlet end (1) and a 
section x feet down the drier is 


W,—-W = m(H-A,) (1) 


where m is the ratio of pounds of bone 
dry gas fed per hour (w,,) to the pounds 
of bone-dry stock fed per hour (Ft). 


a simple, concrete case 1s 


schematically illustrates a 


An energy balance written between 
the same two sections is 
c(t; +e,[W,4,-T,) 
c.{H,(T, T,) — HT 
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equation (2) is subject to the follow- 


ing limitations 


1. The specific heats have been considered 
constant; methods for the removal of this re- 
striction are obvious 

2. The temperatures are taken to be suitable 
averages. At a given section the gas in a satis- 
factory drier is well mixed. The interior temper- 
atures of the stock may vary. This variation is 
seldom serious and, if desired, may be taken 
into account in the experimental portion of the 
design procedure 

3. The energy required to vaporize “‘bound” 
if ad 


sorbed or other combined liquid is removed dur- 


liquid does not appear in Equation (2) 


ing the drying process, the energy of desorption 
should be included in the energy balance. In 
general, this cannot be done exactly, but a rea 
sonable approximation is possible if it is os 
sumed that the point ot which bound liquid be- 
gins to be evaporated is determined by an 
average stock-liquid content 
minor limitations 


With these 


(1) and (2) are rigorous, and the dry 


Equations 
ing must satisfy these relation 
ships regardless of the 
which the drying takes place. 


process 
mechanism by 


The object of the design method is to 
time (and hence the drier 
length) required to dry the stock from 


determine the 


an initial liquid content /1’, and temper 
ature f, to a final liquid content Il’, us 
gras enters the 
temperature 7, humidity #7, and with a 
dry-gas-to-dry-stock ratio m. Useful 
additional information to be obtained is 


ing a which drier at a 


mie (T, 


-T) +A,(H, 
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fe ) } (2) 


the history of both the stock and gas 
as they pass through the drier. The de 
signer specifies the stock arrangement 
and the gas superficial mass velocity. 


At this stage the design procedure becomes a 
laboratory experiment. Representative samples 
of the stock are placed in a laboratory drier in 
the same manner as proposed for the full-scale 
unit. A portion of this stock is suspended from 
a balance or other suitable weighing instrument 
and provided with thermocouples so that the 
average stock temperature (or temperature dis- 
tribution if desired) may be measured. Dry- and 
wet-bulb thermometers * are placed in the gas 
passage adjacent to the instrumented stock. A 
schematic drawing of such a setup is shown in 
Figure 2. 

The stock sample is sufficiently small so that 
the gas does not undergo a significant change in 
temperature or humidity in its passage over the 
sample. The gas supply flows over the stock at 
the design velocity and initially at the tempero- 
ture T, and humidty H,, corresponding to the 
conditions to be encountered by the fresh stock 
as it enters the full-scale continuous drier. After 
a short period of time under these conditions, 
the change in stock weight and temperature are 
measured. The gas temperature and humidity 
which would correspond to these stock condi- 
tions in the actual drier are calculated from 
Equations (1) and (2) and the gas conditions 
changed accordingly. This process is repeated at 
short intervals until the liquid content of the 
stock has been reduced to the final value set by 
the designer. The time required to achieve this 
result is the residence time that must be pro- 
vided in the actual full-scale unit, and the re- 
corded-time history of the stock and gas is also 
the history of these materials in the full-scale 
drier. 


A series of experiments such as those 
described above will explore the effect 
of change in the independent variables 
at the disposal of the designer. The 
method is not limited to adiabatie-paral 
lel-flow equipment but is quite versatile. 
Its application to other conditions in 
cluding those in which additional heat 
sources are provided within the drier is 
discussed in a later section. 


Limitations of Method 


The experimental technique just de 
scribed is essentially an analogue com- 
putor in which the actual drying proced 
ure is used to circumvent the limitations 
imposed by an inadequate knowledge oi 
the drying process. It is inferior to an 
electronic computor in the speed with 
which information is obtained and in 
the size of the time increments that must 
be used, On the other hand, not enough 
is known about the drying mechanism to 
construct an electric analogue. It is of 
course possible to make the experimental 
operation automatic and obtain a con 


*Any suitable humidity. or temperature. 
measuring devices may be used. 
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Fig. 1. Schematic illustration of a conti diabatic, parallel-flow drier. 
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THERMOCOUPLES 
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Fig. 2. Cross section of experimental drier arranged for design tests. 


tinuous rather than a stepwise variation 
in the gas properties with a change in 
stock conditions if suitable control and 
computing equipment is installed in the 
laboratory drier. Such complications are 
scarcely justified. In practice it is found 
that the time increments between gas- 
condition adjustments can be several 
minutes without incurring significant 
error, 

The experimental setup must be ar- 
ranged to simulate the operation of the 
proposed full-scale unit. The gas-flow 
pattern, the location of heat sources or 
sinks, and the position of adjacent stock 
samples should correspond to the plan 
for the industrial drier. If practicable, 
full-size portions of the stock should be 
used in the tests. If the test samples are 
smaller than the full-scale stock units, 
edge and Reynolds-number effects may 
introduce errors, 
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In a small sample the edge area of 
the stock may be a much larger fraction 
of the total area than is the case with 
stock of industrial size. Unless this is 
recognized and compensated for by ade- 
quate vapor and thermal barriers, the 
observed sample drying rate may differ 
from the rate achieved with full-size 
stock. 

The heat- and mass-transfer coeffi- 
cients for the exchange processes be- 
tween the gas and stock are functions 
of the system geometry and Reynolds 
number. The tests should be carried out 
under conditions such that geometric and 
dynamic similarity is obtained between 
the experiments and the proposed full- 
scale drier conditions. If exact similar- 
ity cannot be achieved, it may be neces- 
sary to run a series of tests in order 
to determine the effect of changes in the 
scale variables and then to extrapolate 
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the test results to the full-size drier. 
These scale problems are of course en- 
‘ountered whenever small samples are 
used to predict full-size equipment per- 
formance. 


Application to Other Drying Operations 


As an example of the application of 
the proposed simulator design procedure 
to other drying operations, consider the 
case of a counterflow nonadiabatic drier. 
Let qg, represent the net heat added 
from the system per pound of bone-dry 
stock per foot of drier length. This heat 
might be added bv infrared radiation, 
“reheat” of the drier gas, etc., or might 
be lost through the drier walls, etc. 

The counterflow material balance on 
the liquid is 


m(H — H,)* (3) 


and the energy balance ts 


c(t ) 


— W(t, —T,)] 


—7,) +a, (H—-H,) 


T,) —H,(T,-—T,)]} 


(4) 


where |’; is the lineal velocity at which 
the stock moves through the drier and @ 
is the time required for the stock to 
travel from the drier inlet to the point 
where the stock-liquid content is II’. 
Both I’, and q, are ordinarily set by 
the designer and, of course, may be func- 
tions of the distance from the drier inlet, 
which is 


0 


When g, is negative, representing heat 
loss, it can be related to the gas dry-bulb 
temperature, gas-flow conditions, ete., by 
the usual heat-transfer expressions. 

The experimental determination of the 
drying time for the countercurrent non- 
adiabatic case now proceeds in the same 
manner as that discussed earlier for the 
parallel-flow adiabatic system. The ex 
perimental drier must be arranged so 
that the heat addition or loss simulates 
that proposed for the full-scale design. 
This usually implies a carefully worked 
out experimental setup. 

The extension of this design technique 
to many other drying and related opera- 
tions will 
amined in detail here. 


is apparent and not be ex 


* The subscript (1) refers to the end of the 
In a counterflow 


drier at which the stock enters. 
drier this is the end at which the gas leaves. 
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Comparison of New and Point- 
Drying-Condition Methods 


The point-drying-condition method as 
proposed by Walker, Lewis, McAdams 


and Gilliland (5) is as follows: 


A sample of the wet stock is placed in an 
experimental drier in a manner which simulates 
the geometry of the proposed full-scale drier. 
The sample is then dried with constant-tempero- 
ture and -humidity gas flowing over the sample 
at design velocity. Measurements are made of 
the rate of evaporation as a function of the 
liquid content of the stock. The experimental 
(dW /Ad#) vs. W for 


the particular gas conditions employed, as shown 


data are then plotted as 


in Figure 3. A series of such runs is carried 
out. In each run a different gas dry-bulb tem- 
perature and humidity are employed, but the 
same gas wet-bulb temperature is used in all 
cases. In this way the family of curves shown in 
Figure 3 is obtained. Each curve represents the 
drying rate for a fixed humidity difference, 
\H 


to characterize the curve. 


H. —H, and this is the parameter used 


During the constant-rate drying per- 
iod the stock temperature equals the 
bulk-gas wet-bulb temperature and the 
humidity of the gas in contact with the 
stock surface is /7/,, the value 
sponding to saturation at the bulk-gas 
wet-bulb temperature. Under these con 
ditions, the humidity difference H,.— H 
is the actual driving force causing mass 
transfer of the liquid vapor from the 
solid surface to the main gas stream. In 
the falling-rate period, the stock surface 
temperature is greater than the bulk-gas 
wet-bulb temperature, and the humidity 
of the gas in immediate contact with the 
stock surface is less than H,,. These 
effects result from the finite resistance 
to mass transfer within the solid which 


corre 


~ 

z 

3 MATERIAL BALANCE 
5 an 
a 


w, 


CONTENT OF STOCKH, BONE OMY STOCK 


Fig. 3. Data used in point-drying-condition 
method 


is associated with the falling-rate period 
However, under circumstances 
the drying rate is still proportional to 
the humidity difference H,— H, where 
ie saturation at the 
bulk-gas wet-bulb temperature. Untor- 
tunately, the conditions under which the 


certam 


corres mds to 


drying rate in the falling-rate period is 
proportional to H,— H are very lim- 
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ited. Usually, to fulfill these conditions 
the drying must proceed in such a way 
that the liquid remains at the bulk-gas 
wet-bulb temperature, and the evapora 
tion zone merely regresses trom the gas 
stock interface to positions in the intet 
ior of the solid 

If the drying rate is proportional to 
H,,— H and H,, remains constant, the 
material-balance curve representing the 
relation between H,.— H and the stock 
liquid content in the continuous drier 
[obtained from Equations (1) and (3)*] 
may be drawn on the drying-rate chart 
obtained from the constant-gas-condition 
If the dry 
ing rate is actually a point function of 
HW” and H, H, the material-balance 
Figure 3 also represents the 


(div 


tests as shown on Figure 3 


curve on 


relation between the drying rate 


Ad@) and the stock-liquid content for 
the drier under consideration, For this 
condition, the integral 

l div’ 

A dit’ 
Adé 

the required drying time 

The point-drying-condition — design 


outlined above is frequently 


used when one or more of the special 


method 


conditions required by its derivation are 
not fulfilled Indeed, the 
ire so severe that a large 
fail te 
pomt-condition 


requirements 
number of the 
cases met in practice meet its 
the 


a pour 


standards ind 


method is often way to estimate 


the required drying time 


The drying times predicted by the 


simulator method and by the conven 
tional point-drying method were com 
pared in a series of tests made in the 


chemical engineering laboratories of the 
Massachusetts Institute of Technology 
Two types of stock were used porous 
materials (insulite board and china clay), 
the 


assumptions would be expected to be 


for which point-drying-condition 
approximately fulfilled, and a casehard- 
ening which the 
point-drying method would be expected 


to fail, 


material (soap), for 


POROUS STOCK EXPERIMENTS 


Jayoraman and Rossen (3) compared the 
drying times predicted by the simulator method 
and by the conventional point-drying method for 
both countercurrent and parallel flow using as 
stock 6- by 6- by 1-in. slabs of insulite sheathing, 
a fibrous insulating board. Samples were pre- 
pared by saturating under water in a period 
ically evacuated container until no further weight 


gain occurred. The slabs were then fitted snugly 


* Thus, if Hy 
tion (1) may be rearranged to give 


is regarded as constant, Equa- 


w—w (Hy H) (Hy 


~ (q, + m 
| 
| 
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Fig. 4a and b. Drying rate of insulite board—data of Jayaraman and Rossen (3). 


into varnished wooden frames, so that no edge 
drying would occur. Constant-air-condition curves 
ore shown in Figure 4a for the air conditions of 
Table 1. 


TABLE 1 


Va 20 ft./sec., Tu 90° F., He 0.312 
Ib. /Ib. bone-dry air, A 1.64 sq.ft./Ib. bone- 
dry stock in all tests. 


H, Ib. /Ib. Hw — H, Ib./Ib. 

160 0.0134 0.0178 

150 0.0156 0.0156 

142.5 0.0183 0.0129 

135 0.0194 0.0118 

125 0.0218 0.0094 
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The two design methods were applied 
to a case of adiabatic countercurrent 
drying at an air velocity of 20 ft./sec., 
for which the following terminal condi- 
tions and air-stock ratios were chosen: 
W, = 3.10, W,=0.16, ts = 90°F., 
T 125°, H, = 0.0218, m = 350. By 
over-all heat and water balances [| Equa- 
tions (3) and (4)] the following addi- 
tional terminal conditions were calcu- 
lated using c = 0.30, T. = 160° F., and 
Hy = 0.0134. 

It will be noted that for countercur- 
rent flow, to calculate exactly the tem- 
perature at which the air should enter 
in order to leave at the conditions speci- 
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fied, it is necessary to know the temper- 
ature at which the stock leaves. This is 
generally unknown. For this case, how- 
ever, the heat capacity of the stock is so 
low compared with that of the air 
stream, that no significant error is intro- 
duced into the calculation of Ty. In gen- 
eral, application of the simulator method 
to countercurrent operation requires as- 
sumption of the conditions at which the 
air leaves the drier. Application of the 
test method then leads to the actual tem- 
peratures at which the stock leaves and 
at which the air must enter, and these 
cannot be predicted exactly beforehand. 

In these experiments, the value of m, 
the air-to-stock-mass ratio, deliberately 
was made unusually large in order that 
the air enthalpy and wet-bulb tempera- 
ture might remain essentially constant 
throughout the drying operation. In this 
way, the conditions necessary jor the 
point-condition-drying method to be 
valid were more closely approached than 
is usually the case. 

For the parallel-flow case, the assumed 
terminal conditions were I’, = 20, Wy 

3.10, = 0.16, t; = 90° F., T, = 
160°, H, = 0.0134, and m = 350. The 
calculated additional terminal conditions 
were 7, = 125° F. and H, = 0.0218. 

In the simulator tests, air conditions 
were readjusted every 15 min. The 
technique was refined somewhat by pro- 
jecting required air conditions ahead by 
a half period, so that no consistent lag 
in air conditions existed. 

Drying-rate curves for the parallel- 
and counterflow cases, as calculated by 
the conventional method and as observed 
in the simulator tests (average of dupli- 
cate tests), are shown in Figure 4b. 
The times, required for drying in the 
constant-rate and falling-rate periods 
and the totals are compared in Table 2. 

The deviations in the total required 
time are well within experimental ac- 
curacy. 

These experiments show that when 
the stock and gas conditions are selected 
in a fashion designed to fulfill the as- 
sumptions of the point-drying-condition 
method, this method and the simulator 
technique predict essentially the same 
drying times. Equally good agreement 
between the two design techniques was 
observed by Knox (4) and Aiken (/) 
in the course of tests of the drying rates 
of china clay under circumstances in 
which the point-condition method would 
be expected to hold. 


CASEHARDENING EXPERIMENTS 


diti jhad 


The conventional point-c design 
would be expected to fail most drastically for 
materials in which internal resistance to water 
movement is high, as evidenced by extended 
falling rate zones and casehardening. Brodersen 


and LaBelle (2) have investigated soap as being 


June, 1953 


4 ; oa H 3 


0.032 
0.028 | 
CURVE| aH 
A 0.02// 
0.024 8 0.0/90 & 
c 0.0/68 
ile |0.0/26 
F 10.0105 
0.020 | 0.0088 /] 
CONSTANT AIR CONDITIONS / 
— 
> 
> 
0.0/2 
Q 
0.004 
0.16 0/8 0.20 0.22 0.24 0.26 


W, L/QU/ID CONTENT OF STOCK, LBS. /L8. BONE DRY STCCK 


Fig. 5. Drying rate of soap—dato of Brodersen and La Belle (2). 


TABLE 2 


DRYING TIME 


Countercurrent Parallel 
Time in drier, hr. 4. Or Or 4. Or Or 
Predicted by conventional method . . 2.68 5.83 8.51 2.23 10.07 12.30 
Observed in simulator test ... . 2.74 5.85 8.59 2.38 10.16 12.54 


typical of this type of material. A bar-type soap, 
having a water content W of 0.268 as received 
heated in a sealed container at about 
160° F. to soften and was then pressed into 
wood frames to form slabs 5 by 2% by ‘2 in. 
The large faces were cut flush with the frame 


with a piano-wire cutter just prior to drying. 
Multiple thermocouple junctions were inserted into 
the sample through the frame edges to measure 
sample temperature. To reduce radiation effects 
from the drier walls two masking frames 9 by 
6% by ‘2 in. 
placed in the drier walls, 1 in. from each side 


filled with soap were similarly 


of the test frame during runs. The heat capacity, 
c, of the bone-dry soap was 0.64 at its average 
temperature during drying. 


Vol. 49, No. 6 


Drying curves for constant-air-condition tests 
are given in Figure 5 for the conditions shown 
in Table 3. 


A simulated adiabatic countercurrent 
drying test was then made using term- 


inal conditions and air-stock ratio as 
follows: W, = 0.268, W., = 0.156, T, 
= 134.6° F., H, = 0.0330, t, = 98.6 


F., and m = 9.13. 
tions, the heat capacity of the dry stock 
is no longer negligible compared with 
that of the air. Consequently, the tem 
perature of the air entering cannot be 
calculated unless the temperature of the 
stock leaving the drier is known. 


Under these condi 


Chemical Engineering Progress 


TABLE 3 


0.0412 
Ib. bone- 


Ve 
Ib. 


20 ft. /sec., Tx 98.6° F., He 
Ib. bone-dry air, A 1.07 sq.ft 
dry stock in all tests. 


H, Ib. /Ib. H. H, |b. 


187 0.0201 0.0211 
178 0.0222 0.0190 
169 0.0244 0.0168 
160 0.0264 0.0148 
151 0.0286 0.0126 
142 0.0307 0.0105 
134.6 0.0324 0.0088 


The conventional point-condition-de- 
sign method assumes that the wet-bulb 
temperature of the air constant 
throughout the drier and that the stock 


stays 


remains at wet-bulb temperature. The 
variations of stock temperature, air 
temperature, air humidity, and //,, H 


with water content as calculate d conven 


tionally are shown as dashed curves in 
Figure 6. In contrast, the actual varia 
tion in the 
the 


lines 


as determined in 
shown by solid 

It is seen that 
the sample temperature actually remains 


e quantities, 
test, 
on the same graph 


simulator are 


within a few degrees of the dry-bulb 
temperature of the air. 

If the conventional-point-design pro 
cedure is continued in standard fashion, 
if ts predicted that drying could be ac 
complished in 31.0 hr 
187° F. Tlowever, from Figure 6 1t 
seen that the 
the stock could not have been reduced 
W 0.20 by air entering at this 
temperature, and to carry out the desired 
ot at 
is required. Consequently, the 
conventional design procedure is 


by air entering 


can be water content ol 


below 


remo, al 
200° F, 


moisture, air entering 
com 
pletely inadequate, 


\ possible modification, based upon a 


posteriori information, of the conven 
tional design procedure might have been 
to assume that the stock would always 
be about 3° F. below the air dry-bulb 


If this had been done, the 
and stock conditions 
through the drier could have been calcu 


temperature. 


variation Of alr 
lated by heat and material balances and 
would the 


actual variations as shown by the solid 


have approximated closely 


curves of Figure 6. The adequacy ot 
this design method would then have been 
dependent on how nearly drying rate 
was a point function of W and AH 

To illustrate the latter, the actual dry 
ing rate vs. water content as measured 
in the simulator test is plotted as a solid 
curve in Figure 7a. On the same graph, 
the broken curve the that 


shows rate 


would have been predicted on the as 
sumption that drying rate was a point 
function of Hl’ and AH, using the values 
of AH actually obtaining in the simu- 
lator test. This curve cannot be extended 
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Fig. 6. Drying of soap, variation of stock and air—data 


of Brodersen and La Belle (2). 


to the final water content, because the 
constant-air-condition data do not extend 
to sufficiently high values of AH. It is 
obvious, that the rate 
curves are mm poor agreement. 

In Figure 7b the required residence 
time in the drier is plotted as a function 
of the content. The solid 
curve is the time measured in the simu- 
lator test, while the dotted line was ob- 
tained by integration of the rate data 
corresponding to the dotted line of Fig- 
ure Za and calculated by assuming the 
drying rate to be a point function of WV 
and AH. The drying times predicted by 
the two methods disagree significantly. 

For a stock of this type, it thus ap- 
pears that the conventional design 
method breaks down for two basic rea- 
(1) Drying rate is not a point 
function of Hl’ and AH, and (2) the 
variation in stock temperature cannot be 
predicted. Hence, at low air-stock ratios, 
it is impossible to predict variation in 
air temperature through the drier, The 
simulator type of design test avoids these 
difficulties completely. 


however, two 


stock-water 


sons: 
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Notation 


A exposed area of stock, sq.ft./Ib. bone- 
dry stock 


c specific-heat dry stock, B.t.u./(Ib.)(° F.) 


specific-heat carrier gas at constant 
pressure, B.t.u./(Ib.)(° F.) 
& specific heat of evaporated liquid vo- 
por at constant pressure, B.t.u./(Ib.) 
specific heat of liquid, B.t.u./(Ib.)(° F.) 
H,, humidity of carrier gas if saturated at 
wet-bulb temperature, Ib. vapor, Ib. 
corrier gas 
H humidity, Ib. vapor/Ib. carrier gas 
\H Hw 
m wR 
q: — heot added, B.t.u./(ft. of drier length) 
(Ib. bone-dry stock) 
R = stock feed rate, Ib. bone-dry stock/hr. 
1,7 gos temperature, dry and wet bulb, 
t stock temperature, ° F. 
reference temperature, ° F. 
Vi gos velocity, ft./sec. 
Ve linear velocity of stock through drier, 
ft. /hr. 
wy = mass flow rate of carrier gas, Ib. /hr. 
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liquid content of stock, Ib. liquid/ lb. 
bone-dry stock 
” time, hr. 


he heat of vaporization of liquid at ref- 

erence temperature, B.t.u./ Ib. 
SUBSCRIPTS 

1 = end of drier at which stock enters 
(drier inlet) 

2 = end of drier at which stock leaves 
(drier outlet) 

C = constant-rate period 

F falling-rate period 


reference condition 
total drying period 
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hat is your coefficient of information 
transier? you getting your 
story across? Doing a good technical 
job is not enough. Selling the results of 
that job determines your status with 
your employer, your fellows, and the 
public. 

The chemical consider 
the problem of communication as one oi 
information transfer. Information trans- 


engineer can 


ier should be a basic tool, along with 
heat and material transfer. Indeed, the 
results of chemical engineering studies 
of heat or material transfer may be un- 
heard or misunderstood because of lack 
information transfer. The 
essentials of effective communication for 
the engineer are 


ot effective 


1. Accurate data based on good research work 
end organized files. 

2. Competent writing and illustrating talent. 

3. Equip for effective and 
economical reproduction. 


t and or g izatio 


four methods of 
information: the written 
illustration, three-dimensional 
models, and the spoken word. 


Broadly, there are 
transferring 
word, 


Writing 


Engineers may be called upon to pre- 
sent detailed technical data to other 
engineers or to “sugar-coat” the informa- 
tion so that the uninformed layman can 
swallow it. These problems call for 
tools ranging from Greek letters to 
comic books. Demmerle has given an 
excellent summary of the means used to 
(3); his illustration of 
the spectrum of communications is 
shown in Figure 1. The progression 
across the spectrum is from extremely 
simplified presentations such as comic 
books, through popularized science writ- 
ing, which includes press releases as well 
as descriptions of scientific subjects in 
popular journals for the average reader, 


convey an idea 
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—a new unit operation? 


INFORMATION TRANSFER 


to the more technical literature—articles, 
reports, and books. 
For the technical article or report 


by engineers, for engineers—the over-all 
format of the report is usually set by an 
organization style manual. The stwle 
manual of the Hercules Powder 
pany is a good example and has recently 
been reprinted in full Another 
type of style manual is the set of dire 

tions issued by a technical society, such 
as the “Guide to Authors” published by 


Com 


P 


the A.L.Ch.E., “Hints to Authors” pub 
lished by the A.CLS.. “An A.S.M.1 
Paper” published by the A.S.M.E., and 


“Editorial Style” published by the A.P.1 
Once the format of the report is es 
tablished, there is the problem of setting 
down the words. Walter B. Pitkin has 
been quoted as saying, “The scientist 
the only one who has anything 
saving, and he doesn't know how 
it.” W. T. Nichols on the other hand 
has pointed out (8) that writing skill i. 
based largely on a thorough knowledge 
of the subject at hand 


worth 


tO Say 


\s one moves 


Marshall Sittig Ethyl Corporation, Detroit, Michigan 


cross the spectrum trom techmical to 
nontechnical presentations, a good tun 
damental the subject 
more and more essential, 


Also 


art ot writing. 


“rasp ol become 


ssential is a knowledge ot the 
In this case there 1s not 
implied a detailed knowledge of school- 
hook English including gerund 
like 


a measure of the * 


and the 
Rather, the term means readability, 
‘of the text 
Rudolt 
Flesch (4) has developed what he calls 


Viscosity 


\s one approach to readability 


a reading-case score, 

R = 206.835 — 1OLSN — 

where 

reading-ease score (0 bemeg 
cult, 100 easy) 

\ number of words /sentence 

number of svilable- 100 words 


Formidable as this may seem, its appli- 
Table 1 


range of 


cation is really very simple 
illustrates the results for a 


fam:har publications. 


Ke) 
4 Technicol words 


Photos, Models 


Mothemoncs 
Symbols 


Jingles 
Music 


Fig. 1. The spectrum of communications. 
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TO AUDIENCE 
Fe 
PROFESSIONS 
“ey 
Loy words 
Pictorials 
| Gestures 
[eterpretonve) 
& Demonstrations - 2 
D 
zm 
[ASpeciovzed) 
| Techrcol terms 
= UNTRANS- 
| MITTED IDEA 


Table 1 

Reading-ease 
Publication score 
First-grade reader ............. 97.5 


Eighth-grade book ............. 72 
Twelfth-grade book .. are 63 
Readers Digest .. 56 
Saturday Evening Post 52 


This paper 32 


Perhaps the best description of 
Flesch’s formula, aside from Flesch’s 
own books, is found in “Gobble-de-Gook 
or Plain Talk,” a booklet prepared by the 
Air Materiel Command for its own per- 
sonnel, General Motors has prepared a 
pocket calculator for the ready applica 
tion of the Flesch formula to its em- 
ployee publications. 

The basic requirements of technical 
writing are 


Accuracy Consistency 
Brevity Interest 
Clarity Completeness 


Accuracy, consistency, and completeness 
taken for technical 
paper. Brevity and clarity are associated 
with Flesch’s readability score. Then 
comes the question of how interesting a 


are granted in a 


It is sug- 
gested that chemists and engineers give 
more thought to the human interest of 
Human interest 
may be unnecessary in “A Report on the 
Effect of Sulturie Acid Concentration in 
the Nitration of 2,4-Dichlorophenol,” but 
it may do wonders for a new product 
brochure or for a set of plant-operating 
instructions. Most technical 
manuals teach that the use of anything 
other than the third person is a scarlet 
sin. Depending on the audience, this 
prohibition need not apply so strongly. 


piece of technical writing is. 


their written products. 


writing 


It has been said that everything that 
is written is meant cither to please or to 
instruct, and that the second object is 
difficult to effect without attending to the 
first. Dr. Flesch has presented the con- 
cept of “personal words” and “personal 
sentences” to calculate the interest of a 
piece of written matter : 


3635 +0314S 
where 


/ human-interest score (0 having no 
human interest, 100 being full 
of human interest) 

I!’ = number of personal words (pro- 
nouns and words having gender 
such as father, sister, iceman, 
actress) /100 words 

S = number of personal sentences (di- 
rect address, questions, 
mands, requests, 
tions) /100 sentences 


com- 
exclama- 
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Application of the human-interest score to magazines gives some interesting 


results, as cited by Flesch: 


Personal 

words, 
Description of style % 
2 
Mildly interesting * . 4 
Interesting ..... 7 
Highly interesting + 10 
17 


* This article rates in this bracket. 


Personal Human- 
sentences, interest Typical 

% score magazines 
0 0-10 Scientific 
5 10-20 Trade journals 

15 20-40 Digests 

43 40-60 New Yorker 

58 60-100 Fiction 


Readability may be improved by mechanical devices as well as by proper use 


of language. 


ing (1): 
It may best by an actual 
be described example. 


It may be 
hard to print 


One interesting device proposed recently is 


but reading words 
in groups 


“square-span” read- 


looks 
like this. 


Square-span 
reading 


comes easily 
to most people. 


This arrangement is particularly applicable to lantern-slide copy. 


Fig. 2a. A poor graph. 


Thorough technical knowledge, con- 
sciousness of Flesch’s principles, the use 
of special devices such as square-span 
reading, all combine to give clarity. An- 
other good way of improving written 
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reports is to study the work of experts 
in the interpretation of science. Among 
these experts are Edwin Slosson, author 
of “Creative Chemistry”; George Rus- 
sell Harrison, author of “Atoms in 


June, 1953 


~ 
APPROVED C.F.R, COMMITTEE REFERENCE FUELS) 


START OF TEST 
PRIOR TO FIRST OVERHAUL 
AFTER OVERHAUL 


eon 


CHECK RUN AFTER OVERHAUL 


70 


«x 
STANDARD CFR MOTOR METHOD / 
(NO HUMIDITY CONTROL) 


OCTANE NUMBER 


60 


JA—OPERATION AT 98°F ORY,| 
y 76.5°F WET BULB TEMPS 


em 
20 40 60 80 


PERCENT C-1O FUEL IN A-4 FUEL 
Fig. 2b. A good graph. 


Action”; W. H. Lawrence, New York 
Times science reporter and unofficial in- 
terpreter for the Atomic Energy Com- 
mission; Wolfgang Langewiesche, an en- 
gineer who flies and describes aviation to 
the public; George W. Gray, author of 
“The Advancing Front of Science”; and 
Rk. M. Chapin, who prepares maps and 
diagrams for Time Magazine. 


ilustratio is 


Once the text is organized in simple, 


readable language, there remains the 
question of how to illustrate it. 

Perhaps the most common report illus- 
Figures 2a and 2b 


not—to present 


trations are graphs. 
show how—and how 
data graphically. 

A second type of report illustration is 
flow 
The acetate overlay is a very effective 
device for sketches ot 
sequences in an operation. 


the equipment drawing or sheet. 
equipment or 

The internal 
working of apparatus may be disclosed 
by this technique, as shown in Figure 3. 

The third type of report illustration is 
the photograph. Here a_ standardized 
title block is often used to ensure the 
appearance of vital data about the photo 
graph. Necessary the 
preparation of report photographs in 
clude the provision of a ruler or other 
the picture to the 
reader the proper scale. Useful unusual 
photographic techniques include the use 


precautions in 


reference in give 


of a double exposure to show two dis- 
tinct stages of an operation in a single 
photograph. 


Printing 
Along with the preparation of a skill- 
fully written and illustrated text comes 


the question of the mechanics of print- 
of dupli- 
cating the printed text and the illustra- 


ing the text and, subsequently, 
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tions. The methods available for print 
ing the text include 


Standard typewriter—easily available 
IBM electric typewriter—better quality 
Varityper—variety of type faces 

appearance but 


Typeset text—best most ex- 


pensive 


Among the methods of creating special 
captions or of lettering on graphs and 
charts are 


lettering templates 
Artype or Fototype—letters must be individually 
mounted 


The following duplicating methods pro 
duce satisfactory reports : 

Hectographing (Ditto) 

Stenciling (Mimeograph) — illustrations are difficult 
Blue-line and black-line (Ozalid) 


opportunities for illustration, but more expensive 


offers broader 


than foregoing methods 


we 


Milprint, Ine 


Acetate overlays. 


but for limited 
quantities of opaque material 
Offset lithography (Multilith) 
duction of printed matter and illustrations 
this is 
very rapid (and quite inexpensive 


Photostat— expensive, useful 


gives clear repro 


letterpress ‘conventional’ printing 
Xerography 


when combined with Multilith) 


Binding 


Binding a report seems simple and 


obvious. Stapling the report together 
(running a strip of binding tape down 
the stapled edge) is the commonest and 


Although mechanical 
( plastic and wire) binding are 


cheape st method 
more 
they look better in many cases 
Such 


expensive 


and have spect | advantage me 


chanical bindings offer a book which 


always lies flat when open, a backbone 
(plastic) that will take printing, 
plete visibility in that no part of 


hidden within the binding, 


com 
the 
ind 


page ts 


General Electric Co. 


Fig. 4. Report-binding technique. 
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ease of addition and removal of pages. 

An interesting binding technique, but 
not a widely used one, is that described 
by Horn (6). Here, as shown in Figure 
4, the text pages are bound inside the 
front cover while illustrations pertinent 
to the text are bound at the fold in the 
center of the cover. This method per- 
mits good correlation of text and illus- 


1S Mane 


Gardner 


Fig. 5. Exhibit display panel. 


Displays 


trations by the reader. 


Visual Aids 


The use of visual aids in one form or 
another is essential to the technical ar- 
ticle. Pictures as report illustrations 
have already been discussed, and pro- 
jected pictures, films, ete., will be consid- 
ered below. Displays are another impor- 
tant outlet. They may take the form of 
exhibits at technical society meetings, 
equipment expositions, etc. (see Fig. 5), 
or they may be flip-over presentations 
of the type commonly used in safety 
meetings and sales work (see Fig. 6). 
Still another useful visual aid is the 
flannel board, which offers a modern 
adaptation of the old Chautauqua chalk 
talk (see Fig. 7). 

Projected pictures include (in ap- 
proximate increasing order of complex- 
ity): 


Stereopticons or opaque projectors 

Lantern slides 

Vu-Graph or Visual-Cast (overhead) projectors 
Film strips 

Movies 

Television 


Opaque projectors are of limited use- 
fulness. However, they are inexpensive 
in themselves and least expensive as re- 
gards preparation of material for pro- 
jection, books, magazines, and 
single printed sheets may be used di- 
rectly. 


since 
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Lantern slides are commonly used as 
accompaniment to the presentation of 


technical papers. They are also com- 
monly misused for this purpose. The 
various technical-society publications 
have suggestions and requirements for 
slide preparation, and a comprehensive 
discussion is offered by Jones (7). Cur- 
rent concern over quality control of 


slides is evidenced in suggestions that 
authors be required to submit their slides 
at the same time that papers are sub- 
mitted for approval prior to presentation 
at technical society meetings. 

Important points cited by Jones in- 
clude the following: 


1. Use of a semidarkened auditorium to avoid 
the visual shock resulting from alternating a 
pitch-dark room ond a glaring white screen 
(see also point 3). 

2. Use of a minimum lettering size, 1/30 of the 
over-all height of the slide original. Various 
authorities specify much smaller sizes than this 
(but the A.I.Ch.E. “Guide to 
Speakers” specifies 1/32, which is quite close). 


as acceptable 


3. Use of negative slides because of lower cost, 
easier application of color, ond pleasing optical 
effect in a semidarkened room. 


A new and little used device is that 
for the overhead projection of large 
transparencies. The Vu-Graph and 
Visual-Cast are examples of such ma- 
chines. They offer several advantages 
over conventional slide projectors (see 
Fig. 8): 

1. The speaker can face the audience as he 
operates the projector. He need not look at the 
screen at all. 

2. Successive transparencies may be used to give 
effective overlay effects. 

3. The “strip-tease’’ technique may be used to 
disclose portions of a slide progressively, as they 
cre discussed, concentrating the audience's atten- 
tion and preventing it from wandering. 

4. The speaker, facing the audience, can point 
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EXPRESSED 
OBJECTIONS 


Fig. 6. Flip-over 


out and encircle items on the slide with a pencil 
without using a long rod or flashlight. 

5. The image i: so brilliant that these projectors 
may be used in semidarkened rooms, permitting 
note-taking by the audience. 

6. Lecture demonstrations can be conducted in 
alternation with slides if desired. The electro- 
motive series, for example, may be demonstrated 
by placing a flat glass dish containing acid over 


Jam Handy 
presentation. 


the horizontal slide support and placing samples 
of various metals next to their symbols, written 


on the dish with a wax pencil. The relative 


activities of the various metals are instantly 
visualized. 

7. The slides are light in weight (since only a 
single plastic film and no glass is involved), 
making them easy to transport. Their size and 
unbreakability permit filing with the accom- 


panying text in a conventional letter file. 


Film strips are a widely used device 
in industrial and military training work. 
Motion pictures are of obvious value. 
They can be used to depict sequences in 
processes as other picture forms are 
unable to do. 

Television is, of course, the medium 
of the day. The subject of televising 
chemistry has been discussed by M. H. 
Baker (2). 

Models are not usually considered as 
media for information transfer but, 
properly used, they may be one of the 
most effective means available. They 
may be used in advertising and sales— 
in the presentation of a new plant layout 
in palatable form in magazine advertis- 
ing, for example. They may be used in 
the presentation of a model of a pro- 
posed piece of equipment to a board of 
directors for approval. Architects have 
long used models in the presentation of 
designs to prospective clients. Alert 
chemical design engineers are now fol- 
lowing their lead (see Fig. 9). An in- 
teresting use of models was that made 
recently in the presentation of the design 
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Fig. 7. Flannel board in use. 


of the new United Nations skyscraper 
to the delegates—who speak fifty-eight 
different languages—in the form of a 
model, which speaks the universal lan- 
guage. 


Speaking 


The spoken word is also very impor- 
tant in information transfer. The 
A.LCh.E. offers its “Guide to Speakers” 
as a contribution to better oral presenta- 
tions. Some tips on public speaking for 
chemical engineers are also presented by 
Seinwerth (9). An additional point is 
the usefulness of the tape or wire re- 
corder in rehearsing an oral presenta- 
tion. By use of such a recorder, timing 
may be perfected, and and’s and wit’s as 
well as unclear technical points will be- 
come instantly apparent to the speaker. 
so that he may shape a perfect talk. 


Summary 


After this review of the field a tenta 
tive coefficient of information transfer 
may be formulated as a stimulus to dis- 
cussion and as an approach to the quan- 
titative evaluation of information trans- 
fer. The factors involved are 


1. Minimum number of words that must be read 
(or listened to) to perceive the idea. 

. Number of illustrations used. 

. Flesch reading-ease score. 

. Flesch human-interest score. 

. Complexity of illustrations. 

. Ease of associating illustrations and text. 


. Degree of organization of material presented. 


A coefficient may be formulated as fol 
lows : 


Charles Beaeler Co. 


Fig. 8. Vu-Graph in use. 


A better engineered tomorrow will 
depend on better communication among 
scientists and engineers and between 
these groups and society. What is your 


coefficient of information transfer ? 
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Min. No. of Words \/ Complexity of 
Necessary to Read Illustrations Fig. 9. A model gets the story across. 
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PLASTICS EQUIPMENT REFERENCE SHEET 


RAYMOND B. SEYMOUR and ROBERT H. STEINER 


The Atlas Mineral Products Co., Mertztown, Pa. 


PLASTICIZED VINYL RESINS: Polymers 
in which vinyl chloride is the major 
component are available as lacquers, 
plastisols, plastigels, organosols, tub- 
ing and sheet. 


APPLICATION AND REMARKS: Lacquers 
can be applied by brushing or spray- 
ing to properly prepared surfaces. 
Most commercial products can be 
applied directly to concrete, wood or 
sandblasted steel but require special 
corrosion inhibiting primers for non- 
sandblasted steel surfaces. A mini- 
mum of three coats is recommended 
for protection against fumes, vapors 
or occasional splash and spillage of 
corrosive materials. Thin organic coat- 
ings are not recommended for con- 
tinuous immersion in corrosive media 


but may be used to prevent metallic 


ier coatings by brushing or dipping, 
usually on irregularly shaped equip- 
ment such as plating racks, dipping 
baskets, etc.;. plastigels (plastisols 
with a gelling agent), can be troweled 
onto flat surfaces to form a fairly 
heavy coating. Both of these forms 
require careful surface preparation, 
special primers and baking at 325- 
375° F. Plasticized vinyl sheet is 
available in thicknesses from 14 in. 
to '4 in., the most common thickness 
being *s.» in. Sheet stock is used as 
gasket material and linings. The 
latter are field- or shop-applied over 
primed sandblasted steel surfaces by 
trained applicators using specially de- 
veloped techniques. 


CHEMICAL COMPOSITION: Compara- 


tively high molecular weight poly- 
viny! chloride polymers or copolymers 


of vinyl chloride with minor amounts 
(3-15%) of vinyl acetate, vinylidene 
chloride, styrene, acrylonitrile or 
other monomers with varying amounts 
(10-50%) of a wide variety of plas- 
ticizers, such as phthalate or phos- 
phate esters together with small 
amounts of stabilizers and pigments. 
Fillers may also be added, but their 
use is comparatively rare in chemi- 
cally resistant vinyl compositions. The 
extremely wide latitude used in com- 
pounding results in considerable dif- 
ferences in chemical resistance and 
physical properties. Thus, it is diffi- 
cult to generalize on the physical and 
chemical properties of plasticized 
vinyl resins. Data given for a typical 
vinyl resin may be used as a guide 
prior to practical tests. 


TEMPERATURE LIMITATIONS: Since vinyl! 


contamination resins are 
of noncorros- A TYPICAL PLASTICIZED VINYL SHEET Pate age 
MECHANICAL AND PHYSICAL PROPERTIES 
persions of Tensile strength, Ib./sq.in. @ 77° F. for protection 
Elongation % at break 

vinyl resins in Hardness, Type A Shore Duremeter against corro- 
liquid _ plasti- Specific gravity sives at tem- 
plied as heav- Water absorption % above 150° F. 


CHEMICAL RESISTANCE 


— 


ACIDS 
Acetic, 10% 
Acetic, glacial 
Benzene sulfonic 
Benzoic 
Boric 
Butyric 
Chloroacetic 
Chromic, 10% 
Chromic, 50% 
Citric 
Fatty acids (Co and up) ewes 
luosilicic 
Formic 
Hydrobromic 
Hydrochloric 
Hydrocyani« 
Hydrofluoric 
Hypochlorous 
Lactic 
Maleic 
Nitric, 5 
Nitric, 
Nitric, 
Olei« 
Oxalic 
Perchloric 
Phosphoric 
Picric 
Stearic 
Sulfuric, 50% 
Sulfuric, 70% 
Ss c, 93% 
ORGANIC MATERIALS 
Mixed acids, 28% HNOs Acetone dei 
55° Alcohols, methyl. ethyl .... 
Aniline 
Benzene 
cCh 
Cc hloroform 
Ethyl acetate 
Ethylene chloride 
Formaldehyde, 37% 
Gasoline 
Phenol 


Refinery crudes 


Ammonium, Cl, N ; 
Trichloroethylene 


Copper Cl, SO, 
Ferric Cl, SOs .... 
Nickel Cl, SO, 
Stannic Cl 

Zine Cl, SOx 


PAPER MILL 

Kraft liquor 

Black liquor 

Green liquor 

White liquor 

Sulfite liquor 

Chlorite 

Alum 


ALKALINE SALTS 
Barium sulfide 
Sodium bicarbonate 
Sodium carbonate 
Sodium sulfide .. 
Trisodium phosphate 


MOMmmmmm 


PHOTOGRAPHIC 
evelopers 
Silver nitrate 
General use 


NEUTRAL SALTS 
Calcium chloride 
Calcium sulfate 
Magnesium Cl, sulfate 
Potassium Cl, NOs, SO, 
Sodium Cl, NOs, SOx 


FERTILIZER INDUSTRY 


General use 


STEEL INDUSTRY 
Sulfuric acid pickling .... 
GASES Hydrochloric acid 


Chlorine wet .. 3 HeSO.—HNOs 


Sulfur dioxide wet 
Sulfur dioxide dry 
Hydrogen sulfide 


c 
F 
N 
E 
E 
E 
G 
E 
G 
E 
E 
E 
E 
E 
G 
E 
G 
E 
E 
E 


TEXTILE INDUSTRY 
General use 
Hypochlorite bleach 


FOOD INDUSTRY 
General use 
Breweries 
Dairies 


ALKALIES 
Ammonium hydroxide 
Calcium hydroxide 
Potassium hydroxide 
Sodium hydroxide 


ACID SALTS 
Alum 


RATINGS: 
F—-No attack N Rapidly attac ked. 
G ippreciably no attack C—Cold—75° PF. 
F—Some attack but usable in some instances. P. 
P— Attacked -not recommended 


MISCELLANEOUS INDUSTRIES 
Plating 
Petroleum 
Tanning és 
Oil and soap ..... 
Water and sewer 


mmmm 
Zmmzzzz 
ZuMZZZZZZMZ 


m 
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Left to right: T. S. Mertes and H. B. Rhodes, 

both of Sun Oil Co., F. S. McCarthy, Canadian 

Industries, Ltd., Richard Stephenson, Carbide & 

Carbon Chemicals Co., and Seymour Calvert, 

Univ. of Michigan, all authors of the papers 
in Technical Session No. 4. 


Some authors in the Chemical Engineering Proc- 

esses Symposium; Left to right: T. T. Anderson, 

Aluminum Co. of Canada, Ltd., J. M. Humphrys, 

Canadian Industries, Ltd., Joseph F. Skelly, 

M. W. Kellogg Co., and R. Bolduc, Aluminum 
Co. of Canada, Ltd. 


C. J. Quigley, Johns Hopkins Univ., K. F. Gordon, 

M.1.T., Prof. Charles R. Wilke, Univ. of Cali- 

fornia, C. Lb. Ruby, Princeton Univ., and Prof. 
B. L. Harris, Johns Hopkins Univ. 


Speakers of Communications Symposium; A. J 
Johnson, Shell Development Co., G. Brighouse, 
Occidental College, C. N. Sjogren, C. F 
Broun & Co., Dwayne Orton, director of educa 
tion, International Business Machines Corp. 
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First Joint Conference with 
Canadians Held in Toronto 


ariety was the keynote of the recent 
Toronto Joint Conference of the 
American Institute of Chemical 
neers and the Chemical 
Division of the 


Engi 
Engineering 
Chemical Institute of 
The weather was variable, at 
tendance was about equally divided be 
tween Canadians and Staters, and the 
technical programs covered a vast num 


Canada. 


ber of items ranging from how success 
fully to communicate with technical peo 
ple, to heavily theoretical papers which, 
by their very nature, 
municated only to a few. 


could be com- 

The weather provided one of the in 
teresting varieties for the American 
chemical engineers. Spring, which had 
been lush and well advanced when the 
Institute met just a short time before 
in Biloxi, Miss., had not quite reached 
the capital city of Ontario, and a mix 
ture of thunderstorms, cold weather, 
rain, 


and 
tine days kept. the 
weather in line with the changing as- 
pects of the itself. Alto 
gether, 524 chemical engineers checked 
into the Royal York, the 
hotel, to participate in a 
paper program, 
Luncheons and dinners were featured 
with speakers, 


then a few 
conterence 


headquarters 
twenty-two 


a touch which has been 
missing from recent Institute meetings, 
and provided several insights inte 
aspects other than chemical engineering 
had 


nited 


Dinner on Tuesday 
H. Keenlevsice 
Nations Technical A- 
task 


undertaken 


even 
chirector 
Program 
the United 


istance 
speaking on the which 
Nations ha 


ern scence Jes 


mod 
ulvanced nations 


h ibi 


luphrates are 


that ‘the 
Nile ind 
living in practically the same 
thei 


vears ago, but that for many backward 


Keenlevside commente 
tants of the 
i 
ancestors lived three thousand 
peoples there have 
m the last two 


the pre 


living 


heer There change 


undred rs than wu 

vious ten thousand a is thei 
concerned 

ided 

condi 

it “appal 

ling as the inhumanity of the recent past 

been, it is f to arene that we 


have made no progre Never betore im 


history have so many groups viven the 


atiirmative answer to the question ‘Am 
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The challenge 
he said, “besides 


I my brother's keeper ?’ 
to the United Nations,” 
the threat of war, is that a large propor 
tion of the human population suffers 
ignorance, and hunger, and 
cannot afford decent clothing and hous 
ing.” Hle estimated that two thirds of 
the population of the world has an in 
come less than $100 a year. “The prob- 
lem today facing civilized nations,” he 
added, “is—what can we do about it?” 


from i'ness, 


Touching on the problem of aggres 
in the world, Dr. Keenleyside as 
serted continue to work 
and that the 
free nations of the world must defend 
individual rights and freedom wherever 
they are found 


ston 
must 
for effective atom control 


that we 


“There is no substitute 
for due process of law, and we, as a 
nation, cannot long survive in freedom 
if tour out of five people in the world 
are united in despotism.” 

The part that technology is playing in 
bringing about better living standards 
was touched upon by Keenleyside. The 
United Nations is tapping technical re 
sources In many nations, including the 
United States, and has helped in many 
aspects, 

Dr. Keenleyside mentioned the tech 
mical development in the West Indies, 
where one of the islands has a natural 
hot-water spring, and that through help 
given by the United Nations 
\ssistance 


Fechnical 
Program the natural hot 


water is now being used to generate 
powell 
In the Far Fast 


have helped Cevlon to build a salt-water 


Western technicians 


evaporation plant tor a supply of salt 


They are helping India to reorganize the 


largest fertilizer plant in the world and 


they have aided other countries in the 


of ileohol etiort 


plants an 
to obtan 


tuels for power 


re | 


n 


nited 
where 
located 
fertile 


mall plant 

\n ettort now 
ill the resource 


other example he oot how 
tern technology can help other na 


Western Hemisphere 


success m 


in the wae 


getting Brazihan pigs to 
cottee Through the 


surplu help 
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At the banquet on Tuesday night: Dr. A. E. 
Berry, director of the C.1.C., J.V.N. Dorr, Dorr 
Co., and Dr. R. R. Mclaughlin, Univ. Toronto. 


Mr. and Mrs. H. R. Lyle Streight. Mr. Streight, 
who is with the Canadian Industries, Ltd., is the 
proponent of the idea of a joint meeting between 
Canadian and American chemical engineers. 


President of the A.I.Ch.E., W. T. Nichols, 

with the Mayor of Toronto, Allen A. Lamport, 

and Adolph Monsaroff, chairman, Executive 
Committee in charge of Toronto meeting. 
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R. L. Pigford and R. E. Emmert, Univ. of Dela- 
ware. Mr. Emmert won the award for the best 
presented paper. 


Left: To illustrate the talk on scale models, an 
example wos set up outside the meeting room. 


Prof. Brymer Williams, Univ. of Michigan, B. B. 
Kuist, Fluor Corp., Prof. J. Louis York, Univ. 
of Michigan, head of Paper Judging Committee. 


J. Watson Bain, Honorary Chairman, Toronto 

meeting, and Dr. Sidney Smith, president, 

Univ. of Toronto. Both spoke at the Tuesday 
evening banquet. 


LADIES 
- 
Mrs. H. N. Potter, Mrs. J. C. Honey, Mrs. W. A. 
James, of the Ladies’ Committee. Mrs. J. H. 
Bigelow, also of the committee, was not present 
when the photo was taken. 
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of an American expert, a food stimulant, 
called a pig catnip, was made and the 
coffee is now quite palatable io the 
Brazilian pigs. 

The Monday luncheon had as its 
speaker, Robert H. Saunders, chairman 
of the Hydro Electric Power Commis- 
sion of Ontario, who gave the chemical 
engineers a rapid summary of the elec- 
trical industry of Canada. One of the 
main uses of electricity in Canada, Mr. 
Saunders the production 
alumina, since Canada is the world’s 
largest exporter of this commodity. He 
stated that the new aluminum plant at 
Kitimat, 400 miles north of Vancouver, 
will have the largest single generating 
plant ever built, supplying as much as 
2,240,000 hp. if necessary, to operate the 
Kitimat smelter. The rate of growth of 
aluminum production in Canada, he 
traced as jumping from 498,000 tons in 
1952 to more than 600,000 tons by 1955. 

One of the great projects in Canada 
yet to be achieved, and moving steadily 
towards realization, is the tapping of 
the St. Lawrence River power. The 
amount of power that could be developed 
through the utilization of the St. Law- 
rence River, according to Mr. Saunders, 
is equivalent to 5,244,000 tons of coal a 
year. In support of his plea for develop- 
ment of the river, he quoted the Counsel 
of the Federal Power 
saying that the United States is losing 
approximately $3,361,000 for each month 
that the St. Lawrence remains undevel- 
oped. The dramatic import of the power 
to Canada, was effectively illustrated by 
Saunders when he stated that it was 
possible to develop an amount of elec- 
tricity out of the projected hydroelectric 
developments equivalent to 900,000 kw. 
which would be, he 


said, is of 


Commission as 


said, equivalent to 
the December peaks of eleven major 
Ontario cities, and more than double the 
peak load of the city of Toronto. 

In addition to the St. Lawrence power 
project, Mr. Saunders touched on an- 
other vital technical development, the 
St. Lawrence Seaway. The key position 
of United States cooperation in this pro- 
ject was illustrated when Saunders re- 
iterated the determination of Canada to 
build the 
Canada was not asking for assistance, 


seaway alone, claiming that 
but rather asking for cooperation. How- 
ever, at present the seaway is held up, 
he said, because of the power develop- 
ment, which in turn is being held up 
hecause of problems within the United 
States. 

The third luncheon speaker, Carl F, 
Braun, president of C. F. Braun & Co., 
Alhambra, Calif... hammered at 
the lack of easy communication between 
Mr. Braun 
termed the lack of effective communica- 


away 
engineers and accountants. 


tions between industry and accountants 


a blind spot and one that had been 
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strangely overlooked. According to Mr. 
Braun, the most important thing in ac- 
counting figures is the accounting sig- 
nificance of the figures. “If an account- 
ant starts with data and carries his com- 
putation out to six places, it has no 
meaning,” said Mr. Braun. “It is only 
the first three that have any significance. 
For instance, management may be told 
that we spent $283,000 on some expense 
item. The figure $280,000 is all they'll 
remember.” 

One other foible of accounting pointed 
out by Mr. Braun, is the fact that money 
values are not the most interesting fig- 
ure. Hours are also quite important to 
management and the accountant, if left 
alone, will fail to give management this 
most significant hgure, 

The tradition by which the accountant 
is bound was decried by Mr. Braun, 
stating that the accountant “was work 
with an tool 
signed money-lenders, 


ing obsolete tool—a de- 
lor 
traders, and merchants, a tool concerned 
with what to Mr. 
Braun said that his company sensed the 
shortcomings of conventional account- 
ing, and finally decided it was a 
mistake to leave accounting to account- 
ants. Consequently, his company’s man- 
agement—engineers and operators—got 
deeply into the accounting problem and 


originally 


who owes whom.” 


Henry F. Nolting, Standard Oil 
Co. of Indiana. 


W. M. Karn, Electric Reduction Sales 
Ce, and chairman of Hotel 
and Entertainment Committee. 


Speaker, H. G. Joseph, The Ontario 
Paper Co., 


C. F. Braun of C. F. Braun & Co. 
told enginers that accountants 
aad 


decided what they wanted in the way of 
information. 

Braun said that the primary purpose 
of accounting is as a tool for the men 
who operate the enterprise. It must also 
help to run the business, he said, and 
accounting that merely records, is no 
accounting at all. The accountants in 
his company, he said, must first tell the 
leaders, by a budget, the expected opera- 
tion and the expected results, and then 
later, at proper intervals, the accounting 
department must tell the leaders how 
their performance is comparing with the 
goals. Accounting, he said, must be con- 
cerned with definite goals of perform 
ance and should keep its eve on these 
goals, 

Braun also hit out against the jargon 
of accounting and called for the account 
ing field to learn to use the language of 
the people. Words singled out by Braun 
unnecessary, were: 
remittance 


as being Invoices, 
revenue, impress 


fund, deferred pay, deferred taxes, re 


advice, 


serve, debit, and credit. He called upon 
the accountants to get rid of jargon and 
stamp out reverse English and two-faced 
English. He called on 
“study semantics and be concerned with 
the meaning and import of words.”” Un- 
less they do,” he said, “they will not get 
accuracy, reliability, and objective think 


accountants to 


Ltd., presents first paper. 


Vol. 49, No. 6 
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Prof. R. R. McLoughlin, was chair- 
man of first technical session. 


G. A. Purdy, Imperial Oil Co., who 
was chairman of the Public Rela- 
tions Committee, Toronto meeting. 


ing into their work; they will not do a 
good job either of organizing informa- 
tion or communicating it.” 

A description of the manufacture of 
nitroglycerine by the Biazzi continuous 
process Was given during the meeting 
by H. J. Klassen and J. M. Humphreys 
of Canadian Industries, Ltd. The plant 
of the company at Calgary is designed 
to produce 2,500 Ib. of nitroglycerine an 
hour, and the process was selected over 
the conventional batch process not only 
because of the advantage of continuous 
operation, but because of greater satety. 
In the 
elyvcol are 


process, glycerine and ethylene 
mixed in flow, and enter a 
nitration building as a single stream 
Both the 


are introduced 


acid, and glycol 
the 


stirrer, 


glycerine 
from the top of 
the shaft of a 
are drawn toward the bottom of 


nitrator along 
They 
the impeller, mixed, and thrown out 
the 


Phe action is extremely rapid and 


ward by the centrifugal force to 
walls 
the emulsion of nitroglycerine and spent 
cid rises in a spiral movement around 
he cooling coils, and part of it leaves 
the while the 


remainder is again drawn down to the 


nitrator by an overflow, 


center, 


The advantages of the  Biazzi 


(Continued on page 26) 


Dr. H. L. Keenleyside spoke at the 
banquet on Tuesday evening. 


Garnett Page, General Manager 
and Secretary, Chemical Institute 
of Canada. 
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BROWN TO SUCCEED 
DELONG AS TREASURER 


G. G. Brown Cc. R. Delong 

George Granger Brown, President of 
the American Institute of Chemical 
Engineers in 1944 and dean of the 
College of Engineering, University of 
Michigan, Ann Arbor, was appointed by 
Council, Treasurer of the Institute, ef- 
fective June 1. He replaces C. R. 
DeLong. Always a participant in the 
affairs of the Institute, Dr. Brown 
served as its Director in 1940-42 and 
since 1951 as chairman of the Chemical 
Education and Accrediting Committee. 
won in 1939 Institute’s William 
H. Walker Award. In 1950 Dr. 
srown director, U. S. 
Atomic Energy Commission division of 
engineering, and early in the current 
vear he was elected a director of the 
Nash-Kelvinator Corp. 

The former Treasurer, C. R. DeLong, 
vice-president, North American Solvay, 
Inc., and the Solvay American Corp., 
was A.I.Ch.E. Treasurer for the past 
sixteen years. A B.S. in chemical engi- 
neering, Ohio State University, Mr. 
DeLong has been identified with many 
endeavors such as the Amusol Corp., 
New York; Federal Phosphorus Co., 
sirmingham, Ala.; U. S. Tariff Com- 
mission; and as a consulting chemical 
engineer, New York. Last December, 
at the annual meeting in Cleveland, Mr. 
DeLong announced his desire to retire 
as Institute Treasurer and asked Council 
At that time, he 
said, he regarded his office as “not only 
a distinct honor, but also a great pleas- 
ure . 


was named 


to appoint a successor, 


NEW BOILER DESIGNED 
FOR COPPER SMELTER 


A specially designed boiler will facili- 
tate the recovery of copper at the White 
Pine copper smelter, near Ontonagon, 
Mich., in one of the richest undeveloped 
deposits in North America, according 
to the Babcock & Wilcox Co., designers 
and builders of the boiler. It will utilize 
what would waste heat 
from a copper reverberatory furnace to 
supply steam to a turbo-generator to 
furnish power for the projected devel 
opment, The ore mineral is mainly chal- 


otherwise be 
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cocite, a cuprous sulfide (CU.S), and 
total ore reserves amount to 309 million 
tons averaging 21.3 lb. of copper/ton, 
according to the Copper Range Co. 
velopers of the site. 

The boiler, Babcock and Wilcox engi- 
ners stated, will be about six stories 
high and is to be in line with and fol- 
lowing the reverberatory furnace in 
which the copper ore is melted. The 
gases or products of combustion, heavily 
laden with slag particles and dust. leave 
the reverberatory furnace at a rate of 
approximately 143,000 Ib./hour at a 
temperature of 2600° F., entering first 
the furnace, then 
passing superheater and 
The hot 


slag particles will fuse on any surface 


, de- 


waste-heat boiler 
through the 
convection center of the boiler. 


with which they come in contact, espe- 
cially if the furnace is hot. To cope 
with this problem, the waste-heat boiler 
was specially designed with tube-to-tube 
water-cooled wall radiation chamber, 
widely spaced platten-filled chamber, 
superheater chamber, and a cross-flow 
convection boiler section. 

The heat absorption of the water- 
cooled furnace walls and the water- 
cooled plattens reduces the temperature 
of the incoming gases 400 to 500° F. 
before they enter the superheater cham- 
ber. Thus the suspended slag particles 
are cooled to a dry ash, which drops 
into the hoppers under the boiler, from 
which it is returned to the reverberatory 
furnace for retreatment to reclaim the 
copper. 

Using waste heat from the reverbera 
tory furnace, instead of fuel, for the 
generation of steam, the waste-heat 
boiler recovers about 50% of heat in 
the fuel originally supplied to the re- 
verberatory furnace. 

The boiler is designed to generate 
steam at 885 Ib./sq.in. at a temperature 
of 920° F. at the superheater outlet. 
The steam generated is used not only 
in the power plant, but a portion is used 
to preheat combustion air, by means of 
steam air heaters, for the furnace. 

At such times as the reverberatory 
furnace may be shut down for repairs, 
the boiler, by a special arrangement, can 
be fired with pulverized coal. 


NEW ISOTOPE 
CATALOGUE AVAILABLE 


A new catalogue of isotopes, both 
radioactive and stable, produced by Oak 
Ridge National Laboratory is now avail- 
able, according to an announcement by 
the laboratory. More than 100 radio- 
active and 175 stable isotopes are listed, 
together with prices and descriptive ma- 
terial. The catalogue replaces the edi- 
tion published by A.E.C. in) March, 
1951, and obtained for $1.00 
from Carbon Chemicals 


may be 
Carbide and 


Chemical Engineering Progress 


Co., Oak Ridge National 
Radioisotope Sales Department. 
Office Box P, Oak Ridge, Tenn. 


Laboratory, 
Post 


ZEISBERG AWARD WINNERS 
C. Zeis- 


berg Memorial Award for excellence in 


This vear’s winners of the | 


report writing were announced May 12. 
The 
the dinner meeting 
of the  Philadel- 
phia - Wilmington 

ot 4.1. 

Ch.E. at the Penn 

Sheraton Hlotel, 

Philadelphia, held 

at the conclusion 

of an all-day tech- 
nical on 

“Chemical Engi - 

in the 

Indus - 


occasion Was 


Section 


meeting 


John M. Roblin neering 
Process 
tries.” 
John M. Roblin, 
a senior chemical 
engineering st ud- 
ent at Princeton 
University, 
named first - place 
winner of the Zeis- 
berg Award. An- 
gelo DiGiacomo, a 
Drexel 
Tech- 
the 
The 


was 


senior at 
Institute of 
nology, 
second prize. 
third was 
awarded to Erwin G. 
Lehigh University. 


won 
Angelo DiGiacomo 
prize 


Meeh, Jr., of 


The Zeisherg 
Award is presented 
annually to the 
students submitting 
the best written re- 
ports in connection 
with regular 
academic studies 


their 


and chemical engi- 
neering laboratory 
experiments. It is 
offered in memory 
of the late Fred C. 
Zeisherg, President 
of A.I.Ch.E. (1938), an engineer of the 
Du Pont Co., and active in encouraging 
good report writing by young engineers. 


Erwin G. Meeh, Jr. 


EXPANSION OF AMMONIA 
PLANT IN MISSISSIPPI 


Mississippi Chemical Corp. has an- 
nounced an increase in the capacity of 
its ammonia plant from 120 to 180 tons 
day. The new construction, to be un- 
dertaken by the Girdler Corp., Louis- 
ville, Ky., will cost over $2 million and 
is expected to be completed late in 1953. 


(More News on page 25) 
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simple! proved in use! 


BY GENERAL AMERICAN 


TRANSPORTATION 
CORPORATION 


General Sales Office: 135 South La Salle Street 


Chicago 90, Illinois 


Offices in principal cities 


A 


infra-red analysis fel/s how much of a selected component exists mass spectrometry separates materials on the basis of their 
in gas mixtures. Here, continuous analysis recorded by an_ different molecular weights . . . finds what constituents are present 


Electronik potentiometer on a refinery’s graphic panel is used in what quantity. Above is a “package 


for actual process control. 


gas analyzer, operating on 
the thermal conductivity prin- 
ciple, combines an Electronik 
recorder, analysis cell and ac- 
cessories in a single panel 
assembly. 


” 


mass spectrometer in 
which an Electronik instrument records test data. 


New concepts 


utilize 


These are some of the manufacturers who 
use ElectroniK instruments in their analyzers 


Products of the companies checked are illustrated on these pages 


Applied Research Laboratories Mine Safety Appliances Co. 
Baird Associates North American Philips Co., Inc. 
Bausch and Lomb Perkin-Elmer Corp. 
Beckman Instruments, Inc. V Podbielniak, Inc. 


Consolidated aoe Precision Scientific Co. 


V Davis Emergency Equipment Co. E. H. Sargent & Co. 


V General Electric Co. Tracer Laboratories 
Jarell-Ash Applied Physics Corp. 


| 
4 


robotized distillation apparatus deter- 
mines composition of hydrocarbon mixtures in 
minutes instead of hours. The temperature 
versus volume-distilled curve drawn by the 
Electronih potentiometer needs no replotting 
for computing analysis. 


of process control 


| instruments 


Foes the analytical laboratory comes a new con- 
cept of industrial process control, based directly 
on the desired chemical or physical characteristics 
of the product. 
Continuous analyzers now make it possible to 
measure composition of gases and liquids accurately 
and automatically . . . to record this information 
. . even to actuate automatic controls. Instead of 
temperature, pressure and flow, these new sys- 
tems deal in terms of refractive index, density, 
ultraviolet and infrared spectra, radiation inten- 
sity and absorption. 


An essential component of all these systems is 
automatic recording. To fill this critical function, 
leading manufacturers of automatic analyzers 
choose ElectroniK instruments. They choose them 


for their exceptional accuracy, that exploits fully 
the inherent precision of the new measuring tech- 
niques. They choose them, too, for sensitivity that 
records every essential change in readily readable 
detail. And they prefer ElectroniK recorders for 
their simple, rugged design that guarantees de- 
pendable service under any industrial conditions. 


Your local Honeywell engineering representative 
will be glad to discuss the role of ElectroniK in- 
struments in product-analysis systems .. . or in 
any conventional process control. Call him today 
... he is as near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., 


Industrial Division, 4427 Wayne Ave., Philadelphia 
44, Pa. 


@ REFERENCE DATA: Write for Bulletin 15-14, “Instruments Accelerate Research.” 


Honeywell 


Tout we 


BROWN t*tNSTRUMENTS 


Standard Pressure HAVEG Heat Exchangers... 


(not a coating or lining) made by 
mixing acid-digested asbestos with 
special synthetic resins. Thousands of 
Haveg vessels, molded under heat and 
ressure at the Marshallton, Delaware 
actory, have outstanding service rec- 
ords, with excellent and uniform re- 
sistance to corrosion. Now Haveg is 
available for difficult, —_ temperature 
and pressure ~~ exchange applica 
-. The use of corrosion-resistant 
Haveg makes v= the passage of 
corrosive liqui d gas either through 
the tubes or shell. Larger, longer-lived 
heat exchangers, coolers, towers can be 
rapidly molded and fabricated. Prices 
are competitive. 


Hcsor’ is a rigid moldable material 


? 


INSIDE-OUTSIDE CORROSION? 


Resistant to practically all acids, chlo- 
rine, salts, many solvents . even at 
boiling temperatures . . HAVEG gives 
complete protection on all surfaces of 
\ the heat exchanger. Because of chemi- 
\ve Gaskers cal inertness and low heat conductivity 
Haveg is used in end tube sheets—fixed 
and floating; as the strong outer shell, 
for heads and baffles. Haveg is a non- 
conductor; electrolytic corrosion is no 
problem. 


WZAN 
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3 

c HIGHER HEATS AND PRESSURES 
. 
> Haveg is resistant to thermal shock and 
6 

to 


can be used continuously up to 265° F 
The pressure range of the new Stand- 
ard Haveg Heat Exchangers is from 50 
to 75 Ibs., with a wide safety margin. 


29% | 32%] So 


“WORKING PRESSURE: MAX. OPERATING PRESSURE TUBES OR SHELL SIDE P.S.1.G. 
MAX. STEAM PRESSURE 25 P.S.1.G. COMPLETE SIZE RANGE 


Backed by twenty years of manufactur- 
ing experience, Haveg already has the 
molds ... up to 10’ diameter . . . for 
building any size or style low pres- 
sure heat exchanger, cooler, cylindrical 
tower. Standard Pressure sizes are from 
134%” to 2914”. Single or multiple 
pass. Special impingement plate pro- 
tects tube bundle. Interchangeable end 
covers. Openings molded in at no extra 
cost; repairs or alterations in the field 
are easily made. Get information on 
new Standard Haveg Heat Exchangers, 
built to your prints, or cooperatively 
Haveg-engineered with your supplier. 


A Haveg Heat Ex- 
changer offers a variety 
of floating head types. 
Standard single pass 
head (left) is inter- 
changeable with multi- 
pass head (Detail 2). 
Note pressure 
neutralizing holes‘ 
Haveg machines to close 
tolerances for a tight fit. 


IMI 


‘Pe 


Send coupon today .. . call your 
Haveg sales office in Atlanta, Chicago, 
Cincinnati, Cleveland, Detroit, Hart- 
Los Angeles, Seattle, 

MULTI-PASS BAFFLE t. uis. The Haveg Corporation, 
SINGLE PASS DETAIL «2 Newark, Delaware. Factory: Marsball- 
ton, Delaware. Wilmington 3-8884. 


Coolers — Low pressure chlorine coolers may be sup- 

plied up to 10’ diameter. All parts are replaceable; any 

kind of tubes or packing can be used. Multi-pass head 

features removable baffle. Because Haveg is molded, 

openings can be made any size or location. Usually steel 

water heads are supplied with gas passing through the C) Send 64-page F-6 Haveg Technical Bulletin. 
shell, water passing through the tubes. Water heads 0 Send blueprint of Standard Haveg Heat 
may be removed without dismantling the Haveg Exchangers. 

Cooler; replacement of tubes is easily made. We're interested in () Coolers [) Towers. 

PUMPS TANKS PIPE C) Have Haveg Sales Engineer call. 


Title 


be 


HAVES connosion RESISTANT EQUIPMENT 


FACTORY: MARSHALLTON, DELAWARE 
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A new urea synthesis process has been 


announced by Chemical Construction 
Corp. A complete recycle process, the FOR ROTATING PUMP SHAFTS 
new development, according to E. D. 
Powers, president of the corporation, 
permits 76% conversion of ammonium 
carbamate to urea per pass. Excess 
ammonia is separted from the autoclave 
product as a gas, condensed without 
compression, and recycled by pumping. 
Unconverted carbamate, Mr. Powers ex- 
plained, is decomposed, and the ammonia i 
carbon dioxide gas mixture obtained 
therefrom is separated to recover am- 
monia gas for recycle. The over-all am- = 
monia efficiency is 97%. Equipment de- 
signed for the process includes a granu- 
lator with a spraying device that per- 
mits the production of uniform spherical 
pellets with only minor recirculation of 
off-size product, Chemico’s official said. 
Economies of the process, according 
to Mr. Powers, include 70% more urea 


produced per pass at no increase in | Simple in Design, 
power consumption, minimum corrosion, 
Leakless in Operation 


NEWS 
(Continued from page 20) - Sz 
NEW UREA PROCESS | 
FOR CHEMICO | 


A Sleeve Drive 
Balanced 
“O” Ring Seal 


simple and efficient recirculation of am- 
monia, and use of only about one-half 
the amount of carbamate. 


SCHEDULED | ARLOCK “O” Ring Mechanical Seals are made with a mini- 

The American Society for Testing mum of parts. This simplicity of design affords easy manufacturing 
Materials will hold its annual meeting adaptability of a Garlock “O” Ring Seal to withstand any liquid, 


from June 29 to July 3 at Atlantic City, 
N. J. Among the symposium topics will ’ : 
be metallic materials at low tempera- rotating pump shafts. The Garlock “O” Ring Balanced Seal will 
tures, fluorescent X-ray spectrographic hold pressures up to and over 1000 p.s.i. 

analysis, porcelain enamels and ceramic 
coatings, and dynamic testing of soils. 


whether mild, harmfully corrosive or extremely hazardous, on 


The “O” rings are available in “Teflon,” Buna-N, Neoprene or 


Qu tame 30 there will be a lecture em Silicone. The metal parts contacting the liquid are available in any 
micrometallurgy by Jerome Strauss, suitable metal. 


vice-president, Vanadium Corp., and on 
July 1 Frederick Rossini, director, 
A.P.1. Research Laboratory, will present 
“Excursion in Petroleum Chemistry.” Ring Mechanical Seals are giving outstanding service. 


On centrifugal pumps handling chemicals, petroleum products, 


edible liquids, pulp liquors, and many other liquids Garlock “O” 


For positive sealing, easy installation and trouble-free service 


INDUSTRY TEACHES THE 
TEACHERS AT DOW 

The fourth A.L.Ch.E. Industry- : 

Teaches-the-Teachers School was held Garlock representative. 

on May 1 at Dow Chemical Co.'s Free- 

port, Texas, plant. It was attended by THE GARLOCK PACKING 

twenty-two faculty members from COMPANY 

Lamar State College of Technology, PALMYRA, NEW YORK 


Rice Institute, Texas A. & M., Tulane \ 
University, and the Universities of The Garlock Packing Company A R L Q) Cc K 
Houston, Oklahoma, and Texas. The of Canada Ltd., Toronto, Ont. 

all-day meeting was devoted to papers 
on glycol and caustic evaporation by 
Dow engineers V. A. Klein, E. E. Lud- 
wig, A. F. Shorkey, and R. H. Smith, 
followed by a plant-inspection tour and 
a general discussion period. 


use Garlock “O” Ring Mechanical Seals on your rotating pump 


shafts. Write us about your sealing problems or contact your 


PACKINGS, GASKETS, OIL SEALS 
MECHANICAL SEALS 
RUBBER EXPANSION JOINTS 


(More News on page 28) 
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Pyroflex sheet lining is heat 
bonded to steel tank shell. 


Upon installation at job site, 
one course of Acid-Proof 
Brick is set in Knight Acid- 


Proof Cement. 


4 


A 


wi 


\ 


Send for illustrated Bulletin 
No. 2, “Pyroflex Construc- 
tions.” 


aurice A. 
Acid and Alkali-proof Chemical Equipment 


The acid storage tank above is “OK FOR 
ACID SERVICE” because it is Pyroflex 
constructed. It has been lined in our plant 
with a corrosion-proof heat-bonded Pyro- 
flex membrane. Upon installation at job 
site, one course of acid-proof brick set in 
Knight No. 2 Acid-Proof Cement will be 
installed over the Pyroflex membrane. 


Although this type of lining is typical 
of Pyroflex constructed tanks, Pyroflex 
construction is not limited to any specific 
materials. It may include steel, Knight- 
Ware, Permanite, rubber, lead, glass, 
carbon or whatever other material is best 
suited to individual service conditions. Thus 
each Pyroflex constructed unit is individ- 
ually engineered for the job it must do. 


Chlorinators, drying towers, scrubbers, 
tanks and other types of Pyroflex con- 
structed equipment are in wide use in the 
chemical and steel industries and wherever 
corrosion-proof equipment is required. Get 
the complete story — send for Bulletin No. 
2, Pyroflex Constructions. 


ht 706 Kelly Ave., Akron 6, Ohio 
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TORONTO STORY 


(Continued from page 19) 


| Norman H. Parker, turbomixer division, General 

| American Transportation Corp., and J. Y. 

| Oldshue, Mixing Equipment Co., and Mrs. 
Oldshue. 


nitrator in comparison with the batch 
type nitrator are: 1) more efficient agita- 
tion and greater speed of circulation 
which avoids any local overheating and 
oxidation of glycerine; 2) improved heat 
transfer between the reactants and the 
cooling medium; 3) better approach to 
countercurrent cooling because of the 
regular flow of liquid along the cooling 
coil; 4) a smaller quantity of nitroglyc- 
erine in process. In separating the acid, 
the mixture flows through a separator 
shaped like a centrifuge, the emulsion 
| overflowing from the nitrator entering 
the separator tangentially. The rotation 
imparted to the emulsion aids the ag- 
glomeration of the droplets of nitro- 
vlycerine. Separated nitroglycerine 
overflows through an outlet pipe, the 
spent acid is withdrawn from the bottom. 
Only about 110 Ib. of nitroglycerine is 
present at any one time in the separator. 


T. Weaver, The Fluor Corp., Ltd., Loren P. 

Scoville, Jefferson Chemical Co., and chairman 

of the Institute's Program Committee, with C. C. 
Burton of the C. F. Braun & Co. 


J. L. Stan, and J. P. Estabrook, both of Canadian 
Celanese Corp., and W. A. James of the 
Dearborn Chemical Co., with Mrs. James. 


June, 1953 
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The one chemical service valve 


seven ways better 


In the past, just one or two of these advantages were 


enough to justify the use of a particular chemical 
service valve. Now DURCO engineers have designed 
a valve with all seven features. With several thousand 
in operation in the three years since they were intro- 
duced, the list of successful applications is large and 
varied. If you have a troublesome corrosion prob- 
lem, call the DURCO representative near you, or 
write The Duriron Company, Inc., Dayton, Ohio. 


corrosion resisting: 
with Sleeve 


Available in through?” 
A flanged and screwed. 


* Registered trade-mark of E. 1. duPont de Nemours & Co., Inc., for its tetrafluoroethylene resin. 


THE DURIRON COMPANY, INC., Dayton, Ohio 


inten 
and plug 
| 


The single cost of 
TANTALUM 


is much less than 


the many costs of 


CORROSION... 


costs do not end simply with equip- 
C3 ment replacement. A complete analysis 
must include shutdowns, lost production time, 
product contamination and spoilage, fume dam- 
age to buildings and associated equipment, pos- 
sible injury to personnel. Compare this myriad of 
costs against the single outlay for Tantalum, the 
metal that is not merely “‘corrosion-resisting”’, but 
acid-proof. 


If you are processing hot or strong acid solu- 
tions, if you are making a pure product in which 
equipment contamination or side reactions can- 
not be tolerated, tantalum is probably the most 
economical material of construction you can use. 
Experienced Fansteel engineers are at your serv- 
ice for consultation at no cost to you. 


Use Tantalum with economy for most acid solutions 
and corrosive gases or vapors except HF, 
alkalis, or substances containing free SO;. 


Ask for a copy of our free booklet 
**Acid-Proof Tantalum Equipment for Chemical Operations” 


FANSTEEL METALLURGICAL CORPORATION 


NORTH CHICAGO, ILLINOIS, U.S.A. 
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(Continued from page 25) 


STANDARD OIL (IND.) 
FUND FOR LIBERAL ARTS 


Standard Oil Co. (Indiana) an- 
nounced last month a fund of $150,000 
for use during 1953 in aiding privately 
financed liberal arts colleges in the four- 
teen midwest states where it markets 
directly. The funds, according to Robert 
E. Wilson, chairman of Standard Oil 
Co., are to be allocated on an equitable 
basis among state associations of private 
colleges, that have been formed for fund- 
raising purposes. 

The company, Dr. Wilson noted, has 
been concerned for a number of years 
with the serious financial problems of 
liberal arts colleges. “There is real 
danger,” he said, “of losing the enrich- 
ment of American life which has come 
from educating talented young people 
who lack financial resources. Other 
prospective students who could afford 
present tuition rates and really prefer 
the individuality and atmosphere of the 
small college are attracted away by the 
relatively low tuition rates still charged 
by the tax-supported state institutions 
and their excellent facilities.” 


BRITISH CHEMICALS 
TO EXHIBIT IN FALL 


The first Chemical Plant Exhibition 
to be held in Great Britain since World 
War II will be presented from Septem- 
ber 3 to 17, 1953, at Olympia, London, 
in connection with the Engineering, 
Marine and Welding Exhibition. 

Sponsored by the British Chemical 
Plant Manufacturers’ Association, ex- 
hibits will be presented by process plant 
designers and contractors; makers of 
plants for performing unit operations; 
and makers of ancillary equipment such 
as instruments, valves, pumps, packings, 
and joinings. In addition, a comprehen 
sive range of engineering equipment 
will be shown by other sections of the 
exhibition. 


NEW ALUMINA PROCESS 


A continuous electrolytic process for 
producing alumina from low-grade do- 
mestic ores is ready to be licensed, ac- 
cording to a recent announcement of the 
Lobeth Corp., Chicago. According to 
tests made on a European pilot plant, 
the process, its developers state, recovers 
99 to 100% of all reagents used and has 
been operated with low-grade kaolin 
clay (10% alumina and 80% silica). 
Electrical requirements, it is stated, are 
less than 2 kw.hr./lb., and preliminary 
cost estimates indicate that 99.9% 
alumina can be produced for 15 to 20% 
less than alumina from bauxite with pre- 
sent processes. 

(More News on page 30) 
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THESE FLUIDS ARE 
DIFFICULT PUMP 


ACETALDEHYDE 
ACETONE 
FORMALDEHYDE 
FREON 
MERCAPTANS 
MERCURY CHROMIC ACID 
MOLTEN METALS HYDROBROMIC ACID 
NAPHTHALENE (Molten) NITRIC ACID 

NITRIC ACID 


SODIUM CYANIDE 
SULFUR DIOXIDE 


VINYLIDENE CHLORIDE 


TRINITROCHLOROBENZENE 


CHLOROSULFONIC ACID 


PROPIONIC ACID 
SULFURIC ACID 
lODINE 
BENZOLCHLORIDE 
BENZOLTRICHLORIDE 
LIQUID BROMINE 
CHLORACETIC ACID 
DILUTE ACIDS 
ALUMINUM SULFATE 
DIATOMACEOUS 
EARTH SLURRY 
FERRIC SULFATE 


SALT SOLUTIONS 
SODIUM SILICOFLUORIDE 
HYDROGEN PEROXIDE 
HYDROCHLORIC ACID 
BROMINE TRIFLUORIDE 
CHLORINE 

CHLORINE TRIFLUORIDE 
FLUORINE GAS 
HYDROFLUORIC ACID 
HYDROGEN CYANIDE 
HYDROGEN FLUORIDE 
FLUORINE 


PHOSPHORIC ACID SODIUM HYPOCHLORITE SULFUR DICHLORIDE 


ARE HANDLED 
SUCCESSFULLY 
BY THE 


PULSAFEEDER 


PISTON-DIAPHRAGM CONTROLLED-VOLUME 
CHEMICAL PUMP 


Not competitive with any pump of more conventional de- 
sign, the Lapp PULSAFEEDER is a highly specialized, preci- 
sion, custom-built machine suited to a wide variety of 
special applications involving controlled-volume pump- 
ing of fluids. 


Basic feature of Lapp PULSAFEEDER design is its com- 
bination of reciprocating piston action (to provide the 
accuracy of positive displacement) with an hydraulically 
balanced diaphragm which isolates material being 
pumped from working pump parts—and, of course, elimi- 
nates need for stuffing box or running seal. 


Control of pumping rate is achieved at constant pump- 
ing speed; variable flow results from variation in piston 
stroke length—adjustable by hand-wheel, or, in Auto- 
Pneumatic models, by instrument air pressure responding 
to any instrument-measureable processing variable. 


Justification for this specialized premium construc- 
tion is evident in the many, and varied, applications in 
which Lapp PULSAFEEDER alone is able to perform satis- 
factorily. In fact, the economies of continuous processing, 
automatic proportioning, feeding and filling in many 
operations are possible only because of the unusual char- 
acteristics and peculiar advantages of Lapp PULSAFEEDER. 


In general, use of the Lapp PULSAFEEDER is indicated 
for continuous (or intermittent) pumping, at accurately 
controlled volume, of fluids which cannot be satisfactorily 
exposed to conventional pistons, cylinders and stuffing 
box packing—because of the corrosive action of chemicals 
being handled and/or need for protection of product 
against contamination. 


shows typical applications and flow charts. lt describes and 
lists specifications of models over a wide range of capacities and special construc- 
tions. Also included is an Inquiry Data Sheet, from which we can make specific 
engineering recommendations for your processing requirement. For your copy 
write Lapp Insulator Co.,Inc., Process Equipment Div., 130 Wilson St.,LeRay,N.Y. 
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could start operations.” 


Says PRECISION FILM LABS 


NEW YORK, N. Y. 


“A quick glance at the piping 
layout in the print told us that 
we had to install about 1000 
feet of stainless piping and 
more than 700 stainless fittings. 
Thinking in terms of convention- 
al assembly methods, this meant 
three months of work before we 


“Just about this time, Quikupl 
became available. In addition 
to putting us in business eight 
weeks ahead of schedule, it 
sliced 40-50% off our estimated installation costs. And what's 
more, we now have a stainless processing line that we can tear 
down in a jiffy for clean-out or rearrangement.” 


production ahead of 
schedule .. . thanks to 


“Cost conscious plant men will find Quikupl worth investigating.” 


BULLETIN Q100 


Get the full story 
of this amazing 
stainless steel fit- 


! ting which permits 
quick assembly 
and disassembly 


of stainless pipes 
or tubing without 
threading, flaring 
or welding. 
Write for Bulletin 
Q100 today. 


COOPER ALLOY | 
FOUNDRY CO. © HILLSIDE. NEW JERSEY Jf 

NAME 
POSITION 
COMPANY 
ADDRESS 
STATE 
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NEWS 


(Continued from page 28) 


DEVELOP IRAQI SULFUR 


An American sulfur company, accord- 
ing to the Iraqi government, has made 
a proposal to develop the sulfur area 
on a concession basis for 50 years on 
the following terms: 

Expenses of development would be 
shared on an equal basis by the company 
and the Iraqi government; the company 
would forfeit 25% of the area exploited 
every 5 years until a limit is reached 
not to exceed 1,000 sq.km.; the company 
would pay the Iraqi government a roy- 
alty of £20,000 yearly for the first 5 
years, £15,000 yearly for the second 5 
years; and £5,000 yearly for the subse- 
quent years; all existing regulations and 
agreements in force with the Iraqi 
Petroleum Co. or other oil companies 
would apply where land utilization and 
expropriation of property is concerned; 
an Iraqi director would be appointed for 
every two American executives on the 
board. 

The proposals are under consideration 
by the Iraqi government. 


FIVE CHEM. ENGINEERING 
GRANTS BY EASTMAN 


Three fellowships in chemical engi- 
neering are among the _ seventeen 
awarded to colleges and universities 
throughout the country by Eastman 
Kodak Co. for 1953-54. All for ad- 
vanced study, the awards provide $1,400 
each plus an allowance for tuition and 
fees and a payment of $1,000 to the 
university to help support the cost of 
research undertaken by the recipient. 
Selection of the recipient, who must be 
in the last year of study for his doctor- 
ate, is left to the institution. 

Tennessee Eastman Co. has also 
awarded two fellowships for doctoral 
study in chemical engineering, to 
Georgia Institute of Technology and 
Virginia Polytechnic Institute. Provi- 
sions for these grants are similar to 
those for the Eastman Kodak awards. 


ALCOA INTRODUCES 
NEW DESICCANT 


A new long-life desiccant with high 


| sorptive properties for drying natural 
| gas has been announced by Aluminum 


| alumina in ball form. 


Co. of America. Called activated alum- 
ina H-151, the material is a specially 
prepared amorphous gel of activated 
Company engi- 
neers claim a design figure of 12 to 
12.5% sorptive capacity for conditions 
similar to those tested, and negligible 
particle breakdown. 


(More News on page 44) 
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VALUE IN 


‘Serre: 


FOR LIQUID CLARIFICATION Niag- 
ora Vertical Pressure-Leof Filters are 
supplied in sizes handling up to 
30,000 GPH. These filters are all- 
metal; leakproof; easily fabricated in 
stainless steel and other alloys; read- 
ily jacketed or lined to match your 
need. 


FOR SOLIDS RECOVERY plus liquid 
clarification . . . Niagara Style “H" 
Pressure-Leaf Filters offer exception- 
ally fast removal of semi-dry cokes. 
Flow rates up to 45,000 GPH in one 
compact, leakproof unit. 


if you your cake 


this WASHING CURVE 


is good news for you 


The curve shows what happens 
typically when you wash residual 
solvent or other liquid from the cake 
in a Niagara Pressure-Leaf Filter. 

Notice how close this is to true 
displacement washing. Here's what 
it means in results: 

You can wash 10°; acid in mother 
liquor down to .01°;, using only 
three volumes of wash liquor per 
volume of cake to get this high acid 
recovery. 

Another example is vegetable oil. 
You can reduce 10°, by weight of 
oil in the cake to 01% by solvent 
washing. 


You can save as much as 114 
hours per eyele over conventional 
washing (or air blowing) methods. 

You can cut recovery costs de- 
cisively. Roughly 50% less steam is 
needed for evaporation of wash 
liquor, since dilution is roughly 
50°, less than with other filters. 

You can eliminate the cost and 
upkeep of a separate filter used only 
for washing. 

If you'd like more facts about the 
Niagara washing curve, and what 
it can do for you, just write us or 
mail the coupon today. 


Engineering and Sales Office: 3091 Main St., Buffalo 14, N. Y. 


(When writing, please use above address) 


Factory: East Moline, Illinois 
IN EUROPE: Niagara Filters Europe, 36 Leidsegracht, Amsterdam-C, Holland 
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NIAGARA FILTER Division, American Machine and Metals, Inc. 
3031 Main St., Buffalo 14, N.Y. 
Please send information 


on Niagara Filters for — (product or operation) — 


Name 

Tithe__ 

Company. 

Address_ 

State 


Zone 
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MARGINAL 


Living—A Science and An Art 


Science and the Business of Living. 
James G. Vail. Pendle Hill Publica- 
tions, Wallingford, Pa. (1953). 32 pp. 
35 cents. 


James G. Vail was the president of 
the American Institute of Chemical 
Engineers in 1946, and the pamphlet 
which we review here will be of interest 
to his many friends in chemical engi- 
neering who remember his talks on 
science and the spirit of man. This little 
book, edited and published by his friends 
in the Quaker movement, collects the 
best of the late James G. Vail’s talks 
and papers as published in the scientific 
press. Four published articles are con- 
densed here, two of them from “C.E.P.” 

Jim Vail, competent scientist in his 
own right (witness his volumes on the 
Silicates), was one voice of those 
thoughful men who are troubled about 
the purpose and direction of science. 

This book keeps that voice alive, and, 
as in the past, we hear Vail speak 
of the inadequacy to our life of the 
“dead facts stranded on the shore of 
the oblivious years,” and again we stir 
as he jabs his finger of words on the 
hidden sore spots of our world. Ending 
this volume is the motto which we had 
reproduced and hung on the walls of our 
office for several years—‘‘when con- 
fronted with the great problems of our 
time, resolve not to be part of the prob- 
lem, but part of the answer.” 

All in all it is a sensitive pamphlet, 
well worth the time and the thinking it 
generates. Only one thing is missing; 
we wish it were an autographed copy. 


F.J.V.A. 


It's Still Two-Dimensional! 


The Dynamical Character of Adsorp- 
tion. J. H. de Boer. Oxford Univer- 
sity Press, London (1953). 239 pp. 
$6.00. 


Reviewed by C. L. Mantell, Chairman, 
Chemical Engineering Department, 
Newark College of Engineering, New- 
ark, N. J. 


This might be described as a profes- 
sorial, philosophic volume attempting to 
create a picture of an adsorbed layer of 
gas, conforming to the two-dimensional 
concept of van der Waals. The chapters 
deal with n, the number of molecules 
striking each square centimeter of sur- 


NOTES 


News of Books of Interest to Chemical Engineers 


face per second; the time r of lingering 
or residence, or the time of adsorption; 
the quantity o, the product of n and 1; 
uni- and multimolecular adsorption; the 
behavior of ideal two-dimensional gases ; 
two-dimensional condensation, dipoles 
and surface forces; the specialized cases 
of isotherms of two-dimensional con- 
densation ; some effects of capillaries, all 
treated in a rigid mathematical manner 
but with a number of stringent simpli- 
fications necessary to allow the mathe- 
matical applications. All this is  pri- 
marily under equilibrium conditions. 

There have been a number of books 
on the theoretical aspects of adsorption, 
many of them confined as this volume 
is to certain phases of gas adsorption. 
As mathematical philosophy the book is 
interesting reading, perhaps mostly to 
the physicist or the physical chemist; 
to the chemical engineer practicing in 
the field, time may not be available or 
warranted. 


Drawing Without Tears 


Simplified Drafting Practice. William L. 
Healy and Arthur H. Rau, John Wiley 
& Sons, Inc., New York (1953). 156 
pp. $5.00. 


As the authors tell in the preface, this 
book is not a manual of engineering 
drawing. Rather it is a summary of the 
revolution that took place when the 
General Electric Co. decided to sim- 
plify its draiting practices. Its pur- 
pose is to in the engineering 
mind enthusiasms for the less compli 
cated in drawings. As a philosophy the 
authors take as their guide the state 
ment that the old-fashioned painstaking 
artistry of the professional draftsman is 
as outmoded as the horse and buggy, 
and that the practices of the men at the 
big boards can be stripped of their 
frills without surrendering either ac 
curacy or clarity. The authors are con- 
cerned not only with a philosophy, how- 
ever, but also get down to cases with 
simple and factual as to 
methods, equipment, and processes. 

Chapter headings are indicative of the 
scope of the book and they cover: sim- 
plification, elimination of unnecessary 
work, freehand drawing, use of symbols, 
mechanical aids, abbreviations, arrow- 
less drawing, simplified drafting. legi- 
ble lettering, tolerances, instructions, 
drawing forms, and reproductions 
processes. 


arouse 


suggestions 
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Revelations of Science 


The Evolution of Chemistry. Eduard Far- 
ber. The Ronald Press Co., New York 
(1952). 349 pp. $6.00. 


Reviewed by A. H. White, Professor 
Emeritus, Chemical Engineering, Uni- 
versity of Michigan, Ann Arbor, Mich. 


The title of this book, not a history of 
chemistry, but “The Evolution of 
Chemistry,” indicates a_ philosophical 
approach which adds something of a 
third dimension to a historical narrative. 
The attempts of the older civilizations to 
explain natural phenomena and the pro- 
perties of matter as springing from the 
gods, were gradually clarified as study 
became more objective, but it was not 
until the complete abandonment of al- 
chemistic beliefs that the direct influence 
of supernatural powers was eliminated 
from our thinking. The Greeks believed 
that the absolute truth could be found 
by pure reasoning. Farber states (p. 40) 
“The progress of chemistry during these 
thirteen centuries is small. . . . Science 
is revealed, not developed. . . . All that 
can possibly be achieved through experi- 
mentation is to confirm the teachings of 
reason.” Of a somewhat later period he 
says “Galileo argued that odor, color, 
taste and sound are human sensations, 
not qualities inherent in matter.” He 
thus proposed a new approach to the 
examination of scientific phenomena. 

The book is divided into three major 
periods: I. The Emergence of Chemistry 
(93 pp.); Il. The Development of 
Chemical Systems (146 pp.); III. Spe- 
cialization and Industrialization (90 
pp.). The third period which Farber 
dates from the decade of the 1880's is 
the era of intense industrial activity. 
Farber reviews some of the striking de- 
velopments in basic science and their in- 
dustrial applications. To this reviewer 
who has lived through much of this lat- 
ter period, this is the least interesting 
part of the book. To those who are 
younger, and to whom the amazing de- 
velopments of this later period must be 
explained, it will be interesting reading. 

Dr. Farber has been successful in his 
task, and has written an interesting ac- 
count of the evolution of chemistry from 
the earliest records to modern times. 


(More Marginal Notes on page 34) 
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NATIONAL CARBON OFFERS 


LOW-COST PRODUCTION 
NEW “KARBATE” stanna 


BRAND 


@ PRODUCES UP TO 20 TONS 
PER DAY OF 22° BAUME HCI 


@ PNEUMATIC AUTOMATIC 
CONTROL 


@ STANDARD ACCESSORIES: 
SUPPORT FRAME, MIST 
ELIMINATOR, NON-SIPHONING 

SEPARATOR 


@ COMPACT, LIGHT WEIGHT 
@ EASY TO ASSEMBLE AND INSTALL 


@ EXCEPTIONALLY LOW 
MAINTENANCE 


@ NO VENT LOSSES 


|| @ LOW PRESSURE DROP 
|| © SHIPPED FROM STOCK 
 @ MINIMUM INSTALLED COST 


Write For New Catalog Section S-7460 


... ALL “KARBATE” IMPERVIOUS GRAPHITE 


BRAND 


EQUIPMENT GIVES YOU: 


The term “Karbate” is a registered 


© COMPLETE IMMUNITY TO THERMAL SHOCK “ingasaenenees 

FREEDOM FROM METALLIC CONTAMINATION Base 420d Street, New York 17,N.Y. 
District Sales Offices 

é LONG LIFE it LOW MAINTENANCE Atlanta, Chicago, Dallas, Kansas City, 


New York, Pittsburgh, San Francisco 


in Canada: National Carbon Limited, 
Montrea 1, Toronto, Winnipeg 
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ALL-CHEM... 

the ALL-TEFLON 

and STAINLESS STEEL 
PUMP 


@ Tired of figuring pump requirements for 
each new problem . . . Searching for solutions 
among a myriad of makes and models... 
Carrying a peck of replacement parts ? 


Standardize on Eco “All-Chem” Pumps—the 
universal pumps for lab., pilot plant and low 
volume chemical feed in production service. 


The specs. are simple. Corrosion and contami- 
nation-wise, they handle anything stainless 
steel will handle. 


They pump from 1 to 10 g.p.m. at pressures up 
to 70 p.s.i. They are positive displacement 
pumps with the highest suction lift over widest 
temperature and viscosity range. 


Fluid delivery is non-deviating and non-foaming. 


Adaptable to direct motor connection at 1750 
RPM—or any other power source. 


Self-priming on non-volatile liquids. 


Unequalled for safe handling of such hazardous 
liquids as nitric acid and hydrogen peroxide. 


Widely used in nuclear, guided missiles and 
other classified government installations. 


Write for Bulletin A-3. Sent on request. 


ECO Engineering Company 
12 New York Ave - Newark 1 - NJ. 


ENGINEERING COMPANY 
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(Continued from page 32) 


_ Stimulating Non-Aqueous Thinking 


Non-Aqueous Solvents: Applications as 
Media for Chemical Reactions. Lud- 
wig F. Audrieth and Jacob Kleinberg. 
John Wiley & Sons, Inc., New York 
(1935). 284 + xii pp., $6.75. 
Reviewed by R. E. Treybal, Professor, 

Chem. Eng., New York University. 

It is the stated purpose of this book 
“to show how non-aqueous solvents can 
be used as media for carrying out chem- 
ical reactions,” and to stimulate thinking 
and research in this direction. To this 
end the authors have successfully applied 
the solvent-system concept to classify 
and to interpret the behavior of a num- 


| ber of liquids in their action as solvents. 


In the two introductory chapters the 


| physical properties of solvents which in- 
| fluence their usefulness, and the various 


reaction types such as metathesis, neu- 


| tralization, and the like are discussed 
and a historical review is included, of 


several acid-base concepts. About one 
quarter of the book is devoted to liquid 
ammonia and related substances, and the 
solvent-system concept is used to de- 
velop the relationship of ammonia to 


| other nitrogen-containing solvents. A 


separate chapter considers nitrogenous 
solvents such as amines, hydrazine, hy- 


| drogen cyanide and others. Acetic acid, 


sulfuric acid, hydrogen fluoride, etc., are 
each given a chapter. 

For each solvent the discussion in- 
cludes a brief historical review, and a 
consideration of physical properties. 


| The emphasis is on laboratory chemistry 


and no particular attention is paid to 


| industrial applications or engineering 


techniques. However, the 


chemical 


variety of 
reactions the 
results which may ob- 
these relatively unfamiliar 
solvents over what may be done in water 
are put forth in readable style. 
The more than 450 literature citations, 


which include references to patents, 


| cover the period from 1768 to 1951, and 


a good index is provided. The book 
would seem to be of secondary interest 
to engineers, but indispensable to chem- 
ists unfamiliar with this field. 


Books Received 


Paint and Varnish Production Manual. 
Edited by Verne C. Bidlack and Ed- 
gar W. Fasig. John Wiley & Sons, 
Inc., New York (1951). ix + 288 pp. 
$6.50 

Applied Inorganic Analysis (second ed.) 
W. F. Hillebrand, and G. E. F. Lundell. 
Revised by G. E. F. Lundell, H. A. 
Bright, and J. |. Hoffman. John Wiley 
& Sons, Inc., New York (1953). xxii + 
1034 pp. $15.00. 
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Two Bartlett-Snow Batch Rotary Kilns, 
Preheating Charges for Electric Furnaces. 


Steam Jacketed Dished Bottom Stainless 
Steel Batch Dryer Specially Built for Drying 
a Fine Catalyst Without Dust Loss. 


+++ permits materials to be processed continuously at 
temperatures from 900° F to 2100° F in a reducing, 
oxidizing or neutral atmosphere, cooled, and discharged 
at 200° F or lower. 


@ The chrome nickel alloy tube can be lined if desired, to permit 
processing without bringing the material into contact with metal at 
elevated temperatures. Feed hopper, variable feeder, seals and breechings 
are all supported on a single frame to assure proper alignment and 
efficient trouble-free operation. Our complete laboratory facilities enables 
us to determine accurately the time cycle, temperature, special atmosphere 
and other conditions needed to produce a given result, before the pro- 
duction unit is designed or built. Let us work with you on your next job! 


ween® 


ens! 


“Builders of Equipment for People You Know” 
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Reduce 


ONLY 


DECREASES 
MAINTENANCE BILLS 


“ECONOMIZERS” 


1. ALLSTEEL Superstructure. 

2. Bolted packing box. 

3. Forged fabricated bonnets 
and blind heads. 


4. Through-bolted bonnets and 
blind heads. 


5. Stainless steel spring stem. 
6. Oilite Bearings, friction-free. 
7. The “DAHL SEAL” —a fric- 


tionless Valve Stem Seal — of 
Teflon. 


8. Metallic Bellows Seals of 
Stainless Steel, Monel, Nickel 
and Hastelloy. 


Consult your nearest H-D Sales eaglnal for Precision Control of Your Process 
HAMMEL-DAHL COMPANY 
175 POST ROAD, (WARWICK) PROVIDENCE 5, R. I., U.S. A. 


Boston Buffalo Chicago Cincinnati Cleveland Denver Houston alamaroo 
Kansas City los Angeles New Orleans New York Pittsburgh Salt Lake City 


San Francisco ‘Seattle Springfield, Mass. Louis Syracuse Toledo Del. 


"MANUFACTURED AND DISTRIBUTED BY: Canada — The Guelph Co., Ltd., Guelph, Ontario 


England — J. Blakeborough & Sons, Ltd., Brighouse, Yorks * France — Premafrance, Paris 
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BULLETINS 


Pumping Problems. Geo. D. Roper Corp. bulletin on 
pumping problems. Punched for inclusion in a binder 
to serve as handbook for engineers with pump prob- 
lems. Sample problems solved, technical data included. 


Spray Drying. Brochure from Swenson Evaporator Co., 
division of Whiting Corp., covers advantages of spray 
drying, equipment, and processes. Flow sheets for dry- 
ing variety of products; lists all types available. 


Forged Steel Fittings. Forged steel pipe fittings from 
Watson-Stillman Co. listed in loose-leaf binder. Sections 
on uses, materials, types, specifications, dimensions, 
special alloys, and fittings. 


Corrosion-Resistant Linings. Tygon corrosion-resistant 
linings described in bulletin from U. S. Stoneware. 
Tables of chemical resistance. Linings available as cal- 
endered or press-polished sheeting, tubing, solid cord, 
or channel, etc. 


Centrifugal Pumps. Nagle Pumps, Inc. bulletin on nine 
types of pumps designed for abusive industrial appli- 
cations. Included are side suction, rear entrance, dry 
and wet pumps, some automatic. Cutaway views and 
specific applications. 


Durimet 20. Bulletin on high strength, machinable, 
austenitic stainless steel, Durimet 20 by Duriron Co., 
Inc. Chemical composition, mechanical and physical 
properties. Degree of corrosion resistance to various 
chemicals tabulated and described. 


Spray Nozzles. Technical details on Schutte and Koerting 
Co. atomizing and spray nozzles. Also construction 
details, characteristics, capacities, dimensions, etc. Appli- 
cations in mixing, coating, cooling, washing and aerating 
liquids, to washing gases. 


Conveyor Handbook. From Jeffrey Mfg. Co. a handbook 
on belt conveyors. Illustrates and describes typical 
applications, gives cuteway views, lists dimensions, 
weights, capacities, power specifications on each item 
in line. 


Tote System. Complete system for solution of bulk- 
handling problems, Tote System, Inc. Mechanical, auto- 
matic system for filling, transporting, weighing, both 
bulk materials and liquids. For food, plastic, and other 
process industries. Table of case analyses on various 
materials, specifications, and illustrations. 


Ceramic Filters. Ceramic vacuum filters from U. S. 
Stoneware Co. Bulletin covers diagrams, sectional! illus- 
trations, dimensions, also auxiliary equipment such as 
pumps, surge pots, etc. Construction materials are 
white chemical porcelain, glazed stoneware. Available 
with bodies in standard or heat-shock-resistant materials. 


Ejectors. For efficient, low-cost air removal condensers, 
a line of steam jet air ejectors by Condenser Service 
and Engineering Co., Inc. Schematic diagram, operating 
principle, special service jets, accessories listed and 
described. Conversion and pressure tables. 


Rotary Pumps. For the marine, petroleum, and process 
industries rotary pumps from Geo. D. Roper Corp. 
Leaflet on sizes and capacities, dimensions, construc- 
tion, various types. Employ only two moving parts. 
Diagrams and illustrations. 


Mixers. National Engineering Co. line of Simpson in- 
tensive mixers for the chemical process industries. 
Mulling action eliminates material balling; rapid dis- 
charge. Illustrated bulletin. 
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Steam Condensers. Dual bank surface condensers, 
various types and sizes, for stationary and marine serv- 
ices, described in C. H. Wheeler Mfg. Co. catalog. 
Conversion tables, vapor mixture data, tube character- 
istics, other pertinent information. 


Chemical Pumps. Rubber-lined Quimby centrifuge! chem- 
ical and process pumps from Warren Steam Pump Co., 
Inc. Corrosion resistant, capacities to 2000 gal./min., 
heads to 125 ft., speeds to 3500 rev./min. small units, 
1750 rev./min. large units. Diagrams, cutaway views, etc. 


Valves. Chapman Valve Mfg. Co. vaives and fittings. 
Binder catalog. For pressures 1500 Ib./sq.in., tem- 
peratures —150° to 1000° F. Cross-sectional views, flow 
sheets, detailed charts for variety of materials. 


Cast Steel Valves. From Edward Valves Inc. catalog on 
their angle, check, feed-line, and stop valves. Sizes 
22 in. and up. Material specifications, dimensions and 
weights, pressure-temperature ratings, other data. 


Hand Pumps. Folder on vacuum hand pumps from 
Tokheim Oil Tank and Pump Co. for use in oil storage, 
refueling trucks, transfer of coolants. 


Installing Pumps. Engineering study on proper installe- 
tion of pumps from Viking Pump Co. Essentially for 
inclusion with catalog. Sections on improper installa- 
tion, heads, viscosity, suction lifts, horsepower, pipe 
friction. 


Conveyor. An efficient natural-frequency conveyor for 
use where pounds per hour carried is relatively small, 
described by Carrier Conveyor Corp. Available in 
6- to 24-in. widths; lengths to 200 ft. with integral 
pans; Y4 to 3 hp. motors; speed of 30 to 35 ft./min. 
Does not slow down or dampen under load. 


Development Service. To help develop machines, or 
processes from ideas to product. Proctor & Schwartz 
five-way service offers aid in research, development, 
engineering, manufacturing, and marketing. Folder 
available. 


Suction Pumps. Open impeller centrifugal pumps, single 
suction by Taber Pump Co. Rating tables for 1750, 
1150 rev./min. and smaller units, sectional-dimensionel 
drawings, illustrations and descriptions. 


Rubber Parts. Bulletin from Rubber Products Division 
of Parker Appliance Co. discusses new methods and 
processes from custom molding of seals, gaskets, discs. 
Resistance to temperature of —100°F. to + 500° F.; 
corrosion; atmospheric conditions. Odorless and testeless. 


Nickel, Micro Metallic Corp. porous nickel sheet mate- 
rial, silicone treated, which will not pass water at less 
than 3 Ib./sq.in., but passes air freely. For enclosing 
electric equipment, instruments, etc. May be cut to 
size, subjected to mild forming, can be welded to 
solid thread components or other fittings. 


Compressors. Oil-free air compressors to eliminate 
lubricating oil from compressed air. Vertical, v-vertical, 
and semiradial types. Water-cooled, double-acting. Joy 
Mfg. Co. 


Sectional Coolers. For cooling corrosive liquids and 
gases, Karbate impervious grafite sectional cascade 
coolers. Three models based on 9 ft. tube length 
and multiples. National Carbon Co. catalog section. 
Dimensional drawings, other data.. 


Motors. Reliance Electric and Engineering Co. @.c. and 


d.c. motors from % to 300 hp.; heavy-duty types %4 
to 1000 hp.; electronic controls and regulators, etc. 
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PRODUCTS 


“Cold-Climate” Turbo-Mixer 
General American Transportation Corp. 
Turbo-Mixer Division 


Measurement and Control Instruments 
Fischer & Porter Co. 


Horizontal Filters 
Sparkler Manufacturing Co. 


Low Temperature Apparatus, Gaseous Liquefaction 
Hofman Laboratories, Inc. 


Gate Valves 
Crane Co. 


Process Design and Construction 
Girdler Corporation 


Rotary Dryers 
Standard Steel Corp. 


Cooling Towers 
Fluor Corp., Ltd. 


Celite Filter Aids 

Johns-Manville 

Evaporators; Triple Effect, Forced Circulation 
Buflovak Equipment Division 

Disc Valves 

Okadee Co. 


Graphite Anodes, Electrodes 
Great Lakes Carbon Corp. 


Dry-Type Fluid Coolers, Heat Exchangers 
The Trane Company 


Dowtherm Heat Transfer Medium 
The Dow Chemical Co. 


Proportioning Pumps 
Proportioneers, Inc. 


Intalox Saddle Packing for Towers 

U. S. Stoneware Co. 

Wiggins Gasholders 

General American Transportation Corp. 


Electronik Process Control Instruments 
Minneapolis-Honeywell Regulator Co. 


Haveg Heat Exchangers 
Haveg Corporation 

“O” Ring Mechanical Seals 
Garlock Packing Co. 


Pyroflex Acid-Proof Construction 
Maurice A. Knight 


Plug Valve with Tefion Sleeve 


Duriron Co. 


Tantalum Acid-Proof Heaters 
Fansteel Metallurgical Corp. 


Pulsafeeder Proportioning Pump 
Lapp Insulator Co. 


Quikup! Stainless Fitting 
Cooper Alloy Foundry Co. 


Vertical Pressure Leaf Filters 
Niagara Filter Division 


Karbate HC! Absorber 
National Carbon Co. 
Corrosion Resistant Pump 
Eco Engineering Co. 
Anti-Biotic Dryer 

C. O. Bartlett & Snow Co. 


Control Valve 
Hammel-Dahi Co. 


Continuous Pressure Filters 
Eimco Corp. 


Pyrex Cascade Coolers 
Corning Glass Works 


Testing Sieve Shaker 
Newark Wire Cloth Co. 


Graphite Anodes 
Speer Carbon Co. 


Carbonaceous Distillation Plants 
Stileok Co. 


Heat Exchanger Tube Ends 
Condenser Service & Engineering Co. 


Thermal Insulation 
Johns-Manville 


Heat Exchangers 
Aerofin Corp. 


Rotographic Miniature Indicators 
Fischer & Porter Co. 


Fintube Sectional Heat Exchangers 
Brown Fintube Co. 


Proportioning Pumps 
Hills-McCanna Co. 


Chemical Process Equipment 
Davis Engineering Corp. 


Water Treatment Equipment 
Dorr Co. 


Color Comparators for Chemicals 
W. A. Taylor & Co. 


Reduction Drives for Agitators 
Western Gear Works 


Dead Weight Gauges 
American Instrument Co., Inc. 
Bubble Caps 

The Pressed Steel Co. 
Metalab Equipment Corp. 


Mills, Coolers, and Process Equipment 
The Hardinge Co., Inc. 


Molybdenum Trioxide 
Climax Molybdenum Co. 


Pneumatic and Hydraulic Equipment 
Ledeen Mfg. Co. 


Sound Powered, Explosion-Proof Communications 
United States Instrument Corp. 


Spray Nozzles 
Spray Engineering Co. 
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BULLETINS 


Pumping Problems. Geo. D. Roper Corp. bulletin on 
pumping problems. Punched for inclusion in a binder 
to serve as handbook for engineers with pump prob- 
lems. Sample problems solved, technical data included. 


Spray Drying. Brochure from Swenson Evaporator Co., 
division of Whiting Corp., covers advantages of spray 
drying, equipment, and processes. Flow sheets for dry- 
ing variety of products; lists all types available. 


Forged Steel Fittings. Forged steel pipe fittings from 
Watson-Stillman Co. listed in loose-leaf binder. Sections 
on uses, materials, types, specifications, dimensions, 
special alloys, and fittings. 


Corrosion-Resistant Linings. Tygon corrosion-resistant 
linings described in bulletin from U. S. Stoneware. 
Tables of chemical resistance. Linings available as cal- 
endered or press-polished sheeting, tubing, solid cord, 
or channel, etc. 


Centrifugal Pumps. Nagle Pumps, Inc. bulletin on nine 
types of pumps designed for abusive industrial appli- 
cations. Included are side suction, rear entrance, dry 
and wet pumps, some automatic. Cutaway views and 
specific applications. 


Durimet 20. Bulletin on high strength, machinable, 
austenitic stainless steel, Durimet 20 by Duriron Co., 
Inc. Chemical composition, mechanical and physical 
properties. Degree of corrosion resistance to various 
chemicals tabulated and described. 


Spray Nozzles. Technica! details on Schutte and Koerting 
Co. atomizing and spray nozzles. Also construction 
details, characteristics, capacities, dimensions, etc. Appli- 
cations in mixing, coating, cooling, washing and aerating 
liquids, to washing gases. 


Conveyor Handbook. From Jeffrey Mfg. Co. a handbook 
on belt conveyors. Illustrates and describes typical 
applications, gives cutaway views, lists dimensions, 
weights, capacities, power specifications on each item 
in line. 


Tote Sy Complete system for solution of bulk- 
handling problems, Tote System, Inc. Mechanical, auto- 
matic system for filling, transporting, weighing, both 
bulk materiels and liquids. For food, plastic, and other 
process industries. Table of case analyses on various 
materials, specifications, and illustrations. 


Ceramic Filters. Ceramic vacuum filters from U. S. 
Stoneware Co. Bulletin covers diagrams, sectional illus- 
trations, dimensions, also auxiliary equipment such as 
pumps, surge pots, etc. Construction materials are 
white chemical porcelain, glazed stoneware. Available 
with bodies in standard or heat-shock-resistant materials. 


Ejectors. For efficient, low-cost air removal condensers, 
a line of steam jet air ejectors by Condenser Service 
and Engineering Co., Inc. Schematic diagram, operating 
principle, special service jets, accessories listed and 
described. Conversion and pressure tables. 


Rotary Pumps. For the marine, petroleum, and process 
industries rotary pumps from Geo. D. Roper Corp. 
Leaflet on sizes and capacities, dimensions, construc- 
tion, various types. Employ only two moving parts. 
Diagrams and illustrations. 


Mixers. National Engineering Co. line of Simpson in- 
tensive mixers for the chemical process industries. 
Mulling action eliminates material balling; rapid dis- 
charge. Illustrated bulletin. 
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Steam Condensers. Dual bank surface condensers, 
various types and sizes, for stationary and marine serv- 
ices, described in C. H. Wheeler Mfg. Co. catalog. 
Conversion tables, vapor mixture data, tube character- 
istics, other pertinent information. 


Chemical Pumps. Rubber-lined Quimby centrifugal chem- 
ical and process pumps from Warren Steam Pump Co., 
Inc. Corrosion resistant, capacities to 2000 gal./min., 
heads to 125 ft., speeds to 3500 rev./min. small units, 
1750 rev./min. large units. Diagrams, cutaway views, etc. 


Valves. Chapman Valve Mfg. Co. valves and fittings. 
Binder catalog. For pressures 1500 Ib./sq.in., tem- 
peratures —150° to 1000° F. Cross-sectional views, flow 
sheets, detailed charts for variety of materials. 


Cast Steel Valves. From Edward Valves Inc. catalog on 
their angle, check, feed-line, and stop valves. Sizes 
22 in. and up. Material specifications, dimensions and 
weights, pressure-temperature ratings, other data. 


Hand Pumps. Folder on vacuum hand pumps from 
Tokheim Oil Tank and Pump Co. for use in oil storage, 
refueling trucks, transfer of coolants. 


Installing Pumps. Engineering study on proper installe- 
tion of pumps from Viking Pump Co. Essentially for 
inclusion with catalog. Sections on improper installa- 
tion, heads, viscosity, suction lifts, horsepower, pipe 
friction. 


Conveyer. An efficient natural-frequency conveyor for 
use where pounds per hour carried is relatively small, 
described by Carrier Conveyor Corp. Available in 
6- to 24-in. widths; lengths to 200 ft. with integral 
pans; Y4 to 3 hp. motors; speed of 30 to 35 ft./min. 
Does not slow down or dampen under load. 


Development Service. To help develop machines, or 
processes from ideas to product. Proctor & Schwartz 
five-way service offers aid in research, development, 
engineering, manufacturing, and marketing. Folder 
available. 


Suction Pumps. Open impeller centrifugal pumps, single 
suction by Taber Pump Co. Rating tables for 1750, 
1150 rev./min. and smaller units, sectional-dimensional 
drawings, illustrations and descriptions. 


Rubber Parts. Bulletin from Rubber Products Division 
of Parker Appliance Co. discusses new methods and 
processes from custom molding of seals, gaskets, discs. 
Resistance to temperature of —100°F. to +500° F.; 
corrosion; atmospheric conditions. Odorless and testeless. 


Nickel, Micro Metallic Corp. porous nickel sheet mate- 
rial, silicone treated, which will not pass water at less 
than 3 Ib./sq.in., but passes air freely. For enclosing 
electric equipment, instruments, etc. May be cut to 
size, subjected to mild forming, can be welded to 
solid thread components or other fittings. 


Compressors. Oil-free air compressors to eliminate 
lubricating oil from compressed air. Vertical, v-vertical, 
and semiradial types. Water-cooled, double-acting. Joy 
Mfg. Co. 


Sectional Coolers. For cooling corrosive liquids and 
gases, Karbate impervious grafite sectional cascade 
coolers. Three models based on 9 ft. tube length 
and multiples. National Carbon Co. catalog section. 
Dimensional drawings, other data.. 


Motors. Reliance Electric and Engineering Co. a.c. and 
d.c. motors from % to 300 hp.; heavy-duty types % 
to 1000 hp.; electronic controls and regulators, etc. 
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Microvac Pumps. High vacuum pumps built by F. J. 
Stokes Machine Co. Flow diagrams, temperature charts, 
illustrations of models available, design views, de- 
scriptions. 


Waste Pumps. For municipal and industrial installations, 
waste pumps from Marlow pumps. Bulletin describes 
plunger sludge, mud-hog diaphragm, self-priming cen- 
trifugal pumps. 


Autronic Manual Contrels. For remote operation of 
final control elements, Swartwout Co. bulletin on 
autronic manual controls. For use with other units 
of control, but can be used alone. Illustrations and 
schematic diagrams. 


Submerged Combustion. Folder describes use of sub- 
merged combustion for heating corrosive liquids. Claims 
advantage of lower stack and radiation losses; fuel 
savings above 60%. Burners for hydrogen, propane, 
butane, where regular gas available. Submerged Com- 
bustion Co. of America, Inc. 


Precipitators. For paper industry, Cottrell electrostatic 
precipitators for sodium salt recovery in soda and sul- 
phate mills. Research Corp. folder shows diagram and 
cutaway view of wet-bottom design. 


Stills and Accessories. Precision Scientific Co. describes 
equipment for water distillation and storage. Size 
range 5 to 100 gal./hr.; storage tanks 10 to 500 gals. 
Specifications and diagrams. Steam, gas, and electric 
heat. 


Spray Nozzles. For handling water and other liquids 
for cooling, humidifying, washing and other uses, 
spray nozzles from Yarnall-Waring Co. Four types. 
Diagrams, cutaway views, descriptions, all pertinent deta. 


Conveyors. Goodman Mfg. Co. announces shaker con- 
veyors for moving abrasives, hot, wet, fine or bulky 
materials on level, up, or downgrade, distance to 500 
ft. Capacity 100 ton/hr. 


Compressors and Pumps. Twenty-one models of com- 


pressors and pumps of Pennsylvania Pump & Com- 
pressor Co. 


Automatic Scales. Weightometer and Feedoweight prod- 
ucts of Merrick Scale Mfg. Co. One model weighs 
while conveying; the other feeds, weighs, and pro- 
portions by weight. For the lime, coal, chemical in- 
dustries, mines, ore concentrate plants. 


Electric Valves. Atkomatic Valve Co. folder on elec- 
trically operated solenoid valve. For pressures to 
3000 Ib./sq.in. Adjustable timing on closing stroke, 
available for pressures to 300 Ib./sq.in., eliminates 
shock. Applications discussed. Operating diagrams 
shown. 


Separators. Separator Division of Southwestern Engi- 
neering Co. bulletin on separators. For production 
screening and separation. Screens from 20 to 325 
mesh. Large production capacity. Cutaway views, etc. 


Plastic Pipe. Flexible, semirigid, high impact, and rigid 
plastic pipe from Triangle Conduit & Cable Co., Inc. 
Reference chart, tables of physical and chemical char- 
acteristics. For use in food processing, chemical plants, 
water systems. Resists corrosion, is light, odorless. 


Rubber Products. Coverings and linings of rubber 
for tanks, pipes, fans, stacks, crystallizers, etc. from 
Raybestos-Manhattan, Inc. Lists products which do not 
oxidize or crack, are acid-proof. Used in food, plating, 
chemical, steel, pulp, glass industries. 


Liquid Filters. Dollinger Corp. bulletin on Staynew 
liquid filters describes the radial fin construction, per- 
mits large filter area in small space. Wide range of 
filtered liquids are described. Capacities, pressure 
ranges, efficiency and low maintenance covered along 
with suggested filtering media for various uses. Data 
sheet included. 


Flange and Coupling Selector. Nooter Corp. revised 
edition of flange and coupling selector. Lists outside 
diameter of flange, thickness, raised face, number of 
holes and diameter. 


EQUIPMENT 


Portable Mixer. Chemical and ceramic laboratory equip- 
ment from International Engineering, Inc. includes 
classifiers, portable mixers, jar and ball mills, pumps, 
etc. Sizes, capacities, other specifications. 


Pneumatic Positioner. Republic Flow Meters Co. pneu- 
matic positioning operator for high-speed positing. A 
pneumatic, electric flowmeter for fluctuating and dirty 
fluids also. Clearance dimensions, hook-ups, applications 
discussed. 


IMO Pumps. Delaval Steam Turbine Co. IMO rotary 
pumps. Specification table for capacities 10 to 500 
gal./min., pressures 100 to 500 Ib./sq.in. gauge. Serv- 
ices, materials, other features. 


Rotary Pressure Joints. Johnson Corp. line of packless, 
self-adjusting, lubricating, and supporting rotary pres 
sure joints. Sizes V4 to 3 in.. For paper machines, 
dryers, ash conveyors, rubber mills, etc. 


Magnetic Trap. A sanitary full-flow magnetic trap by 
Tri-Clover Machine Co. 2-, 3-, and 4-in. sizes. 


Verticlosed Motors. U. S. Electrical Motors, Inc. verti- 
closed pump motor. Sizes 1/2 to 400 hp. For deep- 
well turbine pumps. Downdraft ventilation, controlled 
lubrication, stacked bearings. 


Non-Corrosive Fastenings. Nuts, bolts, screws in a 
variety of types and sizes available from H. M. Harper 
Co. Brass, bronze, copper, Monel, stainless, etc. 


Filters. Stainless stee! filter elements in two basic types 
from Micro Metallic Corp. Four possible arrangements, 
provide maximum filter surface in minimum volume. 
Bulletin contains engineering data, diagrams, tables. 


Dry Materials Flowmeter. Massometer, a new flow- 
meter for measuring grain, dry chemicals, and cereal 
products. Announced by Wallace & Tiernan in leaflet 
and handbook insert in form of schematic drawing. 
Capacity 225 Ib./min.; accuracy +1% from 10 to 
100% of capacity. Fitted for 5-in.diam. spout, it is 
24'/2 in. high—26 in. wide. 


Mechanical Seal. Durametallic Corp. catalog of Dura 
seals. For use with centrifugal and rotary pumps, 
autoclaves, agitators, etc. Corrosion resistant, seals 
gritty or abrasive fluids. Temperature range —40° F 
to +550°F. Pressures 28 in. vacuum to 1000 Ib./sq. in. 


Oil Recleimer. Hyflow continuous all-electric auto- 
matically operated oil reclaimers. Colored cutaway 
drawing illustrates system. For Diesel engines, com- 
pressors, turbines, transformers. Hilliard Corp. 


industrial Waste Equipment. Pumps, ejectors, clarifiers, 
distributors, and other equipment for use in treatment 
of water, sewage, and industrial wastes described in 
folder from Ralph B. Carter Co. 
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Fans and Blowers. Chelsea Fan & Blower Co. catalog 
of fans and blowers. Looseleaf punched sheets for 
insertion in binder. Specifications, dimensions, ratings, 
etc. 

Water-Conditioning Equipment. American Water Soft- 
ener Co. deaerators, softeners, feeders, etc., for boiler 
feed systems. Bulletin shows schematic drawings of 
each unit, gives details on function, and operation. 


Stainless Fittings. New edition of Schnitzer Alloy 
Products Co. guide and reference book of stainless 
fittings. Sections individually tab-indexed for reference. 


industrial Recorders. Sanborn Co. booklet describing 
direct-writing industrial recorders. 


Feon Lab Coats. Filtration Engineers, Inc. chemically 
resistant Feon lab coats of Vinyon-N fabric. Admiralty 
gray, is resistant to spots, acids, bacteria, mildew, 
etc. 


Stack Exhaust Heads. V. D. Anderson Co. exhaust 
heads for industrial stacks to cleanse exhaust steam 
and vapors. No moving parts or filters. No nuisance 
particles vented. Guaranteed 99% effective. Efficiency 
increases with increase of velocity. 


Insulating Materials Index. Chart for wall or binder 
use from Benjamin Foster Co. on insulating materials 
for thermal or refrigerated equipment, ducts, and 
pipelines. 

Automatic Controls. Automatic Controlling, recording, 
telemetering instruments for every application, are 
subject of folder from Bristol Co. Controls are air- or 
electronically operated, and used in paper mills, oil 
refineries, smelters, ‘food, chemical and process plants. 


Metal Hose Data. From Universal Metal Hose Co. re- 
vised data book ‘on complete line of metal hose. 
For both purchasing and engineering departments. 
Specifications, applications. 


Steam Generators. Steam-Pak generators by York-Ship- 
ley, Inc. furnish high-pressure process steam or hot 
water. Automatic operation, oil and/or gas as fuel. 
Colored cutaway view. Features, specifications, ratings. 


Radiation Instruments. Complete .ine of radiation 
detection and counting instruments from Nuclear 
Measurements Corp. 


Linings and Coatings. Duro cements, linings, and 
coatings for acid tanks, floors, chemixal process equip- 
ment, etc. from Electro Chemical Engineering & Mfg. 
Co. Tables on physical properties, quantities, etc. 


Flowmeter. Flo-Watch meter for liquids, steam, air 
and gas by Builders-Providence, Inc. Transmitter at- 
tachment can actuate secondary instrument or act as 
remote control. Measuring range 25 to 100% of full 
scale. High accuracy. Descriptive leaflet. 


Loading and Unloading Equipment. Thrower units for 
loading box cars over top of doors. Permits loading 
without entry of operator into car. Handles materials 
up to 2-in size. Bulletin covers entire line of Ste- 
phens-Adamson Mfg. Co. 


Temperature and Humidity Cabinets. Aire-Regulator 
with a temperature range from 10° below room 
(using tap water) to 140°F. Accuracy +12°F. Humi- 
dity range approximately 70 to 98% held at +1°F. 
Food Technology, Inc. Leaflet. 


Process Machinery. From Traylor Engineering & Mfg. 
Co. leaflet on equipment for processing of ores. Covers 
crushers, dryers, feeders, various types of mills, etc. 
Details of construction, description, illustrations. 


Electronic Scale. Brown Instruments Division, Minne- 
polis-Honeywell Regulator Co. describe Ametron elec- 
tric scale using servo technique for industrial weighing. 
Designed for commercial and industrial weighing 
problems. For cranes, platforms. railroad tracks. 


Filter. A filter said to hold output constant because 
filter medium never clogs, described in leaflet from 
Komline-Sanderson Engineering Corp. Filtration ac- 
complished through helices of two sets of coiled 
springs laid in corduroy fashion. 


Finned Tubing. Welded steel fin tubing from Drayer- 
Hanson, Inc. Sizes % to 6 in. 0. d.; lengths to 65 ft. 


Swing Joints. Ball-bearing swing joints for loading 
and unloading oil, gasoline, chemicals, other liquids, 
by Barco Mfg. Co. From —30° to +250°F.; 1500 Ib./ 
sq.in. Sizes 2 to 4 in. Catalog. 


CHEMICALS 


Fatty Acids. From Armour Chemical Division: (100) Vis- 
cosity comparison chart on fatty acids, aliphatic amines, 
acetate salts. (101) A wall or file chart covering specifi- 
cations, average composition and other details on neofat 
fatty acids. (102) A catalog covering amines, amides, ni- 
triles, ethochemicals. Contains specifications, average 
composition and general information on uses. 


Vinyl Coating System. Corrosion resistant, heavy-duty, 
drying-oil, primer, vinyl resin coating from Prufcoat 
Laboratories, Inc. To reduce poor adhesion, under- 
film corrosion and rust creepage. 


Pittsburgh Chemicals. (104) A new catalog of Pitts- 
burgh Coke & Chemical Co. on insecticides, chemicals, 
plasticizers, etc. Formulas, uses and other data. 
(105) Brochure—The Story of Chemical X—or how one 
chemical developed from the inception of the idea 
through its commercial debut. 


Sodium Pentachlorophenat Santobrite, a sodium 
pentachlorophenate water soluble preservative for 
water-base ailhesives. Monsanto Chemical Co. Pre- 
vents microbial decomposition of animal or vegetable 
adhesive compounds. Specification tables included. 


Acrylic Acid. Trial-lot quantities from American Cyana- 
mid Co. Acrylic acid for preparing fibers, plastics, ad- 
hesives. Offered as a 50% solution in water. Bulletin 
contains formulas, reactions, other data. 


Cleaning Rubber Molds. From Oakite Products, Inc. 
booklet on cleaning of rubber-processing equipment 
using special detergents which dissolve, emulsify and 
break up soils. Covers cleaning of molds, reinoval of 
lime scale, scale and rust prevention, etc. 


Thermoplastic Cement. Availability of quick-setting 
thermoplastic cement for general industrial use an- 
nounced by American Consolidated Dental Products Co. 
Applicable for gluing, bonding, filling. No air for 
setting. 


Udet F. Synthesized specifically for use in the mixed 
fertilizer industry to give instantaneous solution in low 
moisture materials, are Udet F (SOF and 90-95F). Effect 
ammoniation. Bulletin states techniques of use and 
advantages. Universal Detergents Inc. 
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CONTINUOUS PRESSURE FILTERS 


4 i. 


Showing one of Eimco’s newest pressure filters equipped 
for dewatering and washing vith automatic precision 
scraper blade advancing mechanisms. 


Every Eimco Filter for vacuum or pres- 
sure operation, or combination of the two, 
is a custom built machine designed and 
constructed to meet the specific require- 
ments of your process. 

The machine pictured above is another 
typical example of Eimco custom built fil- 
ter design. This filter is part of the flow 
sheet in a plant producing phenol, acetone 
and alphamethyl styrene. The purpose of 
the filter is to remove sodium sulphate 
crystals and small amounts of water and 
it was also necessary that the phenol in 


precoat cake be reduced to .05% washing 
with crude acetone and separating the 
strong and weak filtrates. 

Eimco’s testing and development depart- 
ments are staffed with experienced chem- 
ical and metallurgical engineers whose 
work with consulting engineering firms 


and the engineering departments of many 
producing companies has resulted in econ- 
omies in operation and production of their 
product. 

May we have an opportunity to consult 
with you and quote on your filter require- 
ments? 


As 


THE EIMCO CORPORATION 
The Worlds L«ading Menutecturer of Vecuum Filtretion 


BRANCH SALES AND SERVICE OFFICES: 
NEW YORK $1.52 SOUIW STREET CHICAGO. 3319 SOUTH WALLACE 
BIRMINGHAM ALA. 3140 FAYETTE AVE SUPERIOR ST 
EL PASO, TEXAS. MILLS BUNLOING 637 CEDAR STREET 
207 DIVIHON $1 + LONDON W |, ENGLAND, 190 PCCADNLY 
IN PRANCE SOCIETE PARIS FRANCE 
(GREAT BRITAIN) (TO. LEEDS 12. 
ITALY EMCO ITALIA SPA MILAN ITALY 
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Memo from the Editor 


One of our editorial questionnaires, which we send out every month to a smal! and varying 
group of readers, came back recently with the query, “Why don’t you have a Letters-to-the- 


Editor section?” 


The answer is that we do have such a section, but it is not published every month; chemical 
engineers are not consistent or persistent correspondents. But if the members feel that they 
would like such a column, or forum—fire away. We still must publish corrections to technical 
papers in the engineering section, but we can devote several columns a month to general 


letters, either in the front advertising section where we now run “Noted and Quoted,” or 
in the back of the book among the News pages. But please—no “dogs are better than 
children” letters, keep them on a professional and an intelligent plane. Make them legible, 


sign them, and keep them succinct. 


A.E.C. MAKES INDUSTRY NUCLEAR POWER REPORTS 
AVAILABLE 


Reports of the four industry teams 
that investigated the feasibility of indus- 
trial nuclear power reactors are now 
available from the Government Printing 
Office. Publication late last month by 
the Atomic Energy Commission brings 
to the public declassified versions of the 
studies made by the Commonwealth 
Edison Co. and Public Service Co. of 
Northern Illinois; Dow Chemical Co. 
and Detroit Edison Co.; Monsanto 
Chemical Co. and Union Electric Co.; 
and Pacific Gas and Electric Co. and 
the Bechtel Corp. 

‘rhe invesigations were made by non- 
governmental engineers who spent a 
year working on the atomic energy pro- 
gram, appraising the economies of pri- 
vate participation in production of elec- 
tric energy from nuclear reactors. 

Industry was brought into the study 
under agreements with the A.E.C.: 1) 
to determine the engineering feasibility 
of the design, construction, and opera- 
tion of reactors to produce power and 
fissionable material; 2) to examine the 
economic and technical problems of 
building such reactors; 3) to determine 
research and development needed; 4) to 
recommend industry's role in such a 
program. 

The Commonwealth Edison Co.-Pub- 
lic Service Co. team investigated the 
economics of the gas-cooled, graphite- 
moderated reactor, and the heavy-water- 
moderated and cooled reactor. On the 
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basis of present reactor technology, the 
team felt that the heavy-water-reactor 
concept has the best economic possibili- 
ties. Hlowever, the report points out 
uncertainties as to the availability and 
cost of heavy water and the practicality 
and cost of a chemical plant to process 
tuel elements. Considerable advantage 
may be gained from the use of light 
water for moderating and cooling if 
uranium with a sufficient degree of en- 
tichment can be obtained. Future cost 
of enriched fuel, and the dependability 
of the supply are uncertainties which 
would have to be resolved. 

The report said that the gas-cooled re- 
actor could provide a substantial begin- 
ning in atomic power with a minimum 
of interference to production reactors 
now under construction or contemplated. 
Both reactor designs described were 
feasible from engineering and operating 
standpoints, and assuming the availabil- 
ity of critical material, research facili- 
ties, and manpower, the research, final 
design, and construction ought to be 
carried out in about four years for the 
gas-cooled reactor, and about five years 
tor the liquid-cooled reactor. 

The Pacific Gas and Bechtel team 
made preliminary cost studies on the 
fast breeder reactor, the aqueous homo- 
geneous reactor, and the heavy-water- 
cooled and moderated heterogeneous re- 
actor. For detailed study two reactors 
were investigated, one a_ light-water- 
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cooled, heavy-water-moderated reactor, 
and a liquid-metal-cooled, fast reactor. 
The conclusion of this industry team was 
that, though the water-cooled thermal- 
type reactor has reached a point in engi- 
neering development which permits its 
construction, the liquid-fuel fast reactor 
appears to have the greater possibilities 
of low-cost-power production. However, 
in the latter case, the amount of devel- 
opment remaining to be done prevents 
the construction of such a reactor in the 
near future. They recommend that the 
development design of a_ liquid-metal- 
cooled, fast breeder with solid fuel ele- 
ments be undertaken promptly; that on 
the completion of this design, construc- 
tion be started unless the development 
of other types, such as the liquid-fuel 
reactor, makes the plans obsolete. Fur- 
ther, they recommend that the commis- 
sion continue aggressive development of 
a liquid-fuel breeder reactor so that it 
can be programmed for commercial con- 
struction and operation. 

Monsanto Chemical Co.-Union Elec- 
tric Co, studied a number of different 
types of reactors and concluded that a 
sodium-cooled graphite-moderated reac 
tor was the most promising to augment 
the plutonium supply. However, the re 
port states that investigation of other 
systems shows some as possible, but later 
competitors of the sodium-cooled gra- 
phite reactor. 

The Dow Chemical Co.-Detroit Edi- 
son Co, team concentrated on investigat- 
ing a liquid-metal-cooled, fast-breeder 
reactor which would provide the high 
temperature necessary tor efficient power 
recovery. 

While the reports as issued by the 
government contain much information 
about reactor design, it is not a balanced 
picture of the originals, owing to secur- 
ity limitations. Each group settled on a 
different reactor type as holding most 
promise within the limit of the informa- 
tion already known in the A.E.C. 


Cost of Power 


On the basis of the Dow-Detroit Edi- 
son design, a nuclear reactor must be 
able to supply steam to the turbine throt- 
tle for a total cost of less than 59.4 cents 
1,000,000 B.t.u. to be competitive with 
present modern boiler generation. The 
study helped to clarify, the report said, 
the point that nuclear steam generators 
will not affect the entire electric system 
investment. Actually, whether steam is 
generated in a nuclear reactor or in 
boilers, 80 to 859% of large utility in- 
vestments would remain unchanged. 

In the Monsanto Chemical Co.-Union 
Electric Co. report, three cases are com- 
pared for the cost of electric power—two 
nuclear and ene a modern coal-fired 
plant. The cost in mills per kilowatt 


(Continued on page 46) 
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PYREX CASCADE COOLER ossembled of 18 stondord 10-foot 
lengths of 2°' PYREX heat exchanger pipe, arranged in two banks 
with standard PYREX U-bends ot John Wiley Jones Compony plont, 
Beech Grove, Ind. (Indianapolis). 15% solution of sodium hypo- 
chlorite bleach is circulated through the cooler of 35 GPM, 
Stagnont Fluid Films under approximately 45 psi. 


One of the couses of heat trons- 
fer resistance is the stagnent fluid 
films next to tube walls (shown), 
not the walls themselves. Thermal 


| One Pyrex’ cascade cooler 


saves 8 to 10 hours on every batch 


it resists scole formation which 

impedes heot flow 
Here’s why it will pay you to check your present Through transparent glass, you can watch the flow 
methods of manufacturing and processing chemicals and easily detect air locks or other impediments. The 
and pharmaceuticals. hard, smooth surfaces clean easily; dust and scale 

John Wiley Jones Company, manufacturer of yield quickly to a weak acid poured through the tubes. 
“Sunny Sol” household bleach did just that. Now High physical and thermal strength of the glass itself 
they save 8 to 10 man-hours on every 750-gal. batch minimize breakage. 
of 15% sodium hypochlorite bleach. They did it by Pyrex Cascade Cooler units come completely pack- 
replacing previous equipment with one Pyrex brand aged and can be installed in a day or less. To save 
Cascade Cooler. space you can mount them on floor, wall or ceiling. 

Because this installation at its Beech Grove, Ind. The coupon will bring you a weaith of helpful in- 
(Indianapolis) plant has proved so successful, the formation on Pyrex brand Cascade Coolers, Pipe, 
John Wiley Jones Company plans similar installa- Fractionating Columns and other plant equipment. 
tions of Pyrex Cascade Coolers in its other plants. Mail it today. 

In this process, chlorine is absorbed into a 76% 
solution of sodium hydroxide as fast as possible, while 
the temperature of the solution is held below 85° F. 
Approximately 500,000 BTU (67,000 BTU per 100 
gal.) must be dissipated through the Pyrex Cascade 
Cooler while the 750-gal. batch is being chlorinated to 
a concentration of 15% sodium hypochlorite. Average 
time for this processing is about 3'2 hours. 

In addition to economical heat transfer efficiency 
Pyrex Cascade Coolers offer exceptional resistance to 
virtually all acids (except hydrofluoric) and mild 
alkalies. This over-all corrosion resistance protects 
sensitive products and permits the use of low-cost 
river or sea water as a coolant. 
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Corning Glass Works 
Dept. EP-6, Corning, New York 


Please send me the printed information checked below: 
| “PYREX brand Glass Pipe in the Process Industries” (EA-1) 
“PYREX brand ‘Double-Tough’ Glass Pipe and Fittings” 
(EA-3) 
“Plant Equipment Glassware for Process Industries” (EB-1) 
“Installation Manual” for PYREX brand “Double Tough” 
Glass Pipe-(PE-3) 
“PYREX Cascade Coolers” (PE-8) 


Nome 


Title 


Company 

Street... 

City 
Corning meant research Glass 

Zone State 
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NEWARK “End-Shak” 
TESTING SIEVE SHAKER 


Motion is important in 
making sizing tests. Con- 
forms to recommenda- 
tions for the motion to be 
used when making hand 
tests, issued by the Bu- 
reau of Standards. 


Here, in the Newark “End-Shak"’ unit, you get proper sustained hand 
motion mechanically. You get the best motion without being subjected to 
any human variation or weakness. This sturdy testing machine holds up to 
7 full height sieves or up to 13 half height sieves. It is designed for 8 
inch diameter sieves. Standard 3 HP., 110-220 volt 60 cycle, 1750 rpm 
motor supplied. Special motor to order. 


3311 Widener Bidg. 
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EX ewark 


We'll be glad to send you prices and descriptive 
literature. And if you will outline your testing require- 


ments we'll be 
series to use. 


glad to suggest the proper sieve 


re Sloth 


COMPANY 


351 VERONA AVENUE * NEWARK 4, NEW JERSEY 


Phitadeiphia 3, Penna. San Francisco, Calif. Chicago, 


3100 19th St. 


20 N. Wacker Dr. 


New Orleans, ta. Los Angeles, Calif. Houston, Texas 
520 Maritime Bidg. 1400 So. Alameda St. P. 0. Box 1970 
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A.E.C. REPORTS 


(Continued from page 44) 


hour for one nuclear reactor was 4.13, 
tor the second reactor it was 3.73, while 
the modern coal-fired plant was esti- 
mated at 3.97, 

The and Electric Co.- 
Bechtel Corp. report had costs of power 
ranging from 12.5 mills/kw.hr., down 
to 3.6 mills /kw.hr. depending upon plant 
and and purposes. It 
stated that atomic power from the im- 


Pacific Gas 


assumptions 


mediately feasible nuclear power plants 
cannot compete with power from con- 
ventional steam electric plants now be- 
ing constructed. This report stated that 
cost of power in a conventional plant is 
6 mills/kw.hr. 

Another case is given, however, in 
which a future atomic plant might pro 
duce power on a competitive basis with 
conventional methods, This is the liquid- 
fast which is 
adaptable to high-pressure, high-temper- 
ature steam conditions. 


metal-cooled reactor, 


A gas-cooled reactor, Commonwealth 
Edison Co.-Public Service Co. estimate, 
would cost on the order of forty million 
dollars to build, for a electric 
output of 61,700 kw. For the 
heavy-water-cooled reactor, construction 
costs are estimated to be $118,000,000 
output of 


gross 


power 


for a electric 
225,000 kw. 

Copies of the publication may be ob- 
tained from the Government Printing 


Office, Washington 25, D. C., for 25 


gross 


power 


A close-up view of four high-pressure reactors 
installed on the new Universal Oil Products Plat- 
former at the Houston refinery of Shell Oil Co., 
Inc. The reactors are the largest yet constructed 
for any Platforming unit. Yearly production will 
be 19,000,000 gal. of benzene and 33,000,000 
gal. of toluene. 
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WHICH ANODE will give you higher production? . . . You're absolutely right: 


you can't tell by looking. We can't either—and we've been making anodes for many years. Fact is, when it 
comes to anodes there's only one way to be sure: test them on the job. And with every new-type IGE Anode that's 
just what we do. First, of course, we build into it all the properties we know it should have—controlled density, 
uniform: structure, high purity and mechanical strength, low electrical resistance. But—before we put it into 
production we first put it into actual operation in the process for which it was designed. We test it, we study it, 
we learn everything there is to know about its behavior. That way, we're never tempted to guess. We know that 


the high-production anodes are IGE Anodes. And so do our many customers. 


INTERNATIONAL GRAPHITE ELECTRODE DIVISION 


SPEER CARBON COMPANY 


St. Marys, Pennsylvania 
Other Divisions: Jeffers Electronics + Speer Resistor 
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TEST OR SMALL PILOT PLANTS 


University, Commercial, Industrial, 
Municipal and Consulting Laboratories 


FOR 
DISTILLATION OF | 
CARBONACEOUS SUBSTANCES 


Coking and Non-Coking Bituminous Coals, Lignites, Oil Shales, 
Oil Sands, Woods, Wood Wastes, Bagasse, and City Wastes— 
Rubbish, Garbage and Sewage, all of which may, within the | 
STIL of the PILOT PLANT, be reduced to their FOUR BASE 


CONSTITUENTS—WATER with its constituents in solution and 
emulsion; OILS in their True, Uncracked Form; GASES of Maxi- 
mum Volume and Thermal Value and CARBON RESIDUES— 
Char, Charcoal, Smokeless Fuel, Coke, or STILCOK, Coke Made 
in Stils, in which the Heating Surface, or 


! 
“OVEN IS INSIDE THE MATERIAL” 


by which Method of Heat Application “CRACKING” of the | 
Hydrocarbon Oil Vapors and Gases is Avoided. 


Plants Furnished in 50, 100, 150 and 200 Pound 
Per Charge Capacities 


STILCOK COMPANY 


1260 North Mar Vista Avenue 
PASADENA 6, CALIFORNIA, U.S.A. 


PATENT NUMBERS 14279149 ~ 2143477 ~ 627464 


Low Cost Protection 


HEAT EXCHANGER TUBE ENDS 


In the past 31 years Conseco has provided millions of 
Flowrites for tube inlets of heat exchangers operating 
in all industries and all applications. Tube inlets be- 
come eroded and worn long before the remainder of the | 
tube, and by reinforcing the inlets it is possible to — 
increase the effective tube life many times. 

Flowrites—made of the same metal as the tubes—_ 
are available in any length, diameter or gauge. They 
are easy to install and remove by unskilled help. When 
Flowrites themselves become worn (instead of the tubes!), 
just pull them out and install new, longer Flowrites. 

Get the facts from the 8-page Flowrite “proof” 
booklet, available upon request. 


CONDENSER SERVICE & ENGINEERING CO. 


80 RIVER ST., HOBOKEN, N. J. 


CANDIDATES FOR MEMBER- 


SHIP IN A. I. Ch. E. 


The following is a list of candidates for the designated grades of 
membership in A.1.Ch.E. recommended for election by the Committee 


on Admissions. 


These names are listed in accordance with Article Ill, Section 7, 


of the Constitution of A.I.Ch.E. 


Objections to the election of ary of these candidates from Active 
Members will receive careful consideration if received before July 15, 
1953, at the Office of the Secretary, A.I.Ch.E., 120 East 41st, New 


York 17. 


Applicants for Active 
Membership 


Aries, Robert S., New York, N.Y. 
Babiorz, Raymond S., Wilmington, 
Del. 
Bliss, William M., Cleveland, Ohio 
Bresler, Sidney A., New York, N.Y. 
Bronson, Samuel C., New York, N.Y. 
Cherney, Burton J., Wilmington, 
Del. 
Cross, John W., Arlington, Mass. 
Cundiff, Lester B., Wilmington, Del. 
Drickamer, Harry G., Urbana, Ill. 
Duffey, Donald K., Wilmington, 
Del. 
Eister, W. K., Ook Ridge, Tenn. 
Elliott, Quentin, China Lake, Calif. 
Fish, Robert B., Piney River, Va. 
Flanders, John E., Lakewood, Ohio 
Ford, S. G., Wilmington, Del. 
Frymoyer, T. D., Trenton, Mich. 
Gardner, Samuel A., 
Beach, Calif. 
Gillmon, H. H., Bloomfield, N. J. 
Gilmore, David S., Richmond 
Heights, Mo. 
Grampp, Harold J., Radford, Va. 
Gray, John E., Aiken, S. C. 
Hitchner, M. Johnson, Bridgeton, 
N. J. 
Kelley, 
Calif. 
leedom, Richard P., Newark, Del. 
Lehman, Jack E., Lomita, Cclif. 
Leventhal, Howard L., North Little 
Rock, Ark. 
lewis, Harold J., Houston, Tex. 
Wesley N., San Jose, 


Hermosa 


Arnold £., Long Beach, 


Lindsay, 
Calif. 

Lord, William E., Ticonderoga, N.Y. 

Marcelino, Joseph W., Richmond, 
Calif. 

Moore, James R., Kirkwood, Mo. 

Powers, Edward T., New York, N. Y. 

Rapp, Harry W., Jr., Detroit, Mich. 

Romanski, Alex J., St. Lowis, Mich. 

Clayton F., Woter- 
bury, Conn. 

Schellentrager, William S., Cho- 
grin Falls, Ohio 

Shatto, Paul F., Baltimore, Md. 

Sindlinger, Charles J., 
Christi, Tex. 

Smith, Leighton B., Beverly, Mass. 

Sonia, Joseph A., Jr., Niagara 
Falls, N. Y. 


Ruebensaal, 


Corpus 
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Stewart, Robert M., Cambridge, 
Mass. 

Strom, Barney O., Syracuse, N. Y. 

Stromquist, W. K., Knoxville, Tenn. 

Teague, James R., South Charles- 
ton, W. Va. 

Tilton, Robert L., Petersburg, Va. 

van der Pas, P. W., South Paso- 
dena, Calif. 

Waldvogel, Robert L., Akron, Ohio 

Webster, Maurice L., Jr., Swarth- 
more, Pa. 

Wiles, Charles R., Midland, Mich. 

Yeames, Howtrey J., Dighton, 

Mass. 


Applicants for Associate 
Membership 


Bartholomew, George G., 
Trenton, Mich. 

Bradley, William R., Ponca City, 
Okla. 

Brajbihari, Vijan, Bengal, India 

Curry, Lathey E., Jr., Lorain, Ohio 

Forgey, Hurshel H., Independence, 
Mo. 

Latham, Burton F., Jr., Dumas, Tex. 

Maus, Louis, Jr., Bethlehem, Po. 

McMillin, F. William, New York, 

Moorhouse, W. A., Granville, Ohio 

Reiss, R. H., St. Albans, W. Va. 

Scerbo, Michael, Bristol, Pa. 


Applicants for Junior 

Membership 

Allen, Francis A., San Francisco, 
Calif. 

Andrews, Eugene D., Pittsburgh, Pa. 

Asti, Raymond A., Pittsburgh, Pa. 

Atkins, Edward H., Manistee, Mich. 

Bir, Wallace G., Louisville, Ky. 

Blake, Carl, Jr., Henderson, Nev. 

Bloomberg, Allan D., Springfield, 
Mass. 

Bockman, David D., Evanston, Ill. 

Brown, A. J. Terry, Jr., Los Angeles, 
Colif. 

Brown, Richard C., Hammond, Ind. 

Bundy, Patrick H., Jr., Glenshaw, 
Pa. 

Busch-Petersen, Bent, Morton, Pa. 

Camp, John R., Baltimore, Md. 

Carpenter, Robert T., Frederick, Md. 

Cavendish, John H., Tampa, Fla. 

Cohen, Sydney, Texas City, Tex. 

Colucci, Onorio, Akron, Ohio 
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Johns-Manville offers... 


new 52-page THERMAL INSULATION SPECIFICATIONS manual 


For the oil refining and chemical process industries—the 
most complete manual of thermal insulation specifications 
ever offered! It contains 52 pages of data, specifies the 
correct insulations and methods of application for 
equipment in every temperature range encountered in 
these industries. Vessels, tanks, flues, pipes, breechings, 
stacks, vacuum filters, oil heaters and many other 
types of equipment are included. 

Johns-Manville offers industry undivided responsi- 
bility for all thermal insulation requirements. J-M com- 
plete insulation service includes: 

J-M Materials—for every temperature requirement 
from minus 400F to plus 3000F. The many different 
kinds and forms of J-M Insulations include pipe insu- 
lation, sheets, blocks, bricks, blankets, insulating ce- 
ments and fills, insulating papers and felts. 
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MATERIALS - ENGINEERING - 


Vol. 49, No. 6 


Johns-Manville 
First IN INSULATION 


APPLICATION 


J-M Engineering—to provide the technical knowledge 
needed to specify the correct insulation for maximum 
performance. Johns-Manville has almost a century of 
experience in insulation engineering. It has the world’s 
largest insulation laboratory for the development of 
new and improved products. 


J-M Application—to insure long, trouble-free ser- 
vice. J-M Technical Service Units and J-M Insulation 
Contract Units are located throughout the country. 
They are staffed with men skilled in the application 
of Johns-Manville Insulations according to proven 
and successful J-M methods. 


Mail coupon for your copy of manual. 
This Johns-Manville manual of Thermal Insulation Specifications is 


offered as a service to the oil refining and chemical process industries. 


Johns-Manville, Box 60, New York 16, N. Y. 
In Canada, 199 Bay St., Toronto 1, Ontario 


Please send me without charge copy of your 
Insulation Specifications, IN-128A 


Name__ — 


Company 


Address 


City and Zone 
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ASK THE. 


About Practical 


Heat Exchange 


There is a competent Acrofin 
heat-transfer engineer near you 
~qualified by intensive train- 
ing and long experience to find 
the right answer to your own 
particular heat-exchange prob- 
lem-and backed by the research 
and production facilities of the 
pioneers in light-weight ex- 
tended surface. 

Ask the Aerofin Man, 


Aerofin units do the job 
Better, Faster, Cheaper 


410 South Geddes St. 
Syracuse 1, N. Y. 


CANDIDATES 


(Continued from page 48) 


Cramer, Robert L., Pittsford, N. Y. 
Crim, H. C., Columbia, S. C. 
Dingman, Robert W., Sharon, Mass. 
Dodge, Donald W., Worcester, Mass. 
Downey, E. P., St. Albans, W. Va. 
Drobile, James A., Philadelphia, Pa. 
Edwards, David O., Snyder, N. Y. 
Falco, Nicola, Painesville, Ohio 

Figel, Robert C., Chicago, Il. 

Fisher, Arthur L., Waltham, Mass. 
Fleming, Ralph O., Decotur, Ala. 
Freiberger, Arnold, New York, N. Y. 
Gaffri, Robert L., Carteret, N. J. 
Gavin, Arnold M., Bellaire, Tex. 
Giegold, Wm. C., Pittsfield, Mass. 
Goldin, Jay, New York, N. Y. 

Gray, Donald N., Nitro, W. Va. 
Gumprecht, Roland O., Richland, Wash. 
Guyon, John, Pittsfield, Mass. 
Hagenbach, William P., Buffalo, N. Y. 
Hanratty, Thomas J., Urbana, Il. 
Hansotte, Roger J., Tarentum, Po. 
Huang, Chen-Jung, Toronto, Ontario, Canada 
Humphrey, Albert S., Arlington, Va. 
Hykan, Edwin H., Lemont, Ill. 

Jessee, Gene L., Baltimore, Md. 

Jester, Howard L., Baltimore, Md. 
Johnson, David C., Liberty, N. Y. 
Johnson, Samuel N., Pittsfield, Mass. 
Kallman, Robert R., Wadsworth, Ohio 
Kirk, J. Douglass, Springfield, Mass. 
Knee, D. A., Penns Grove, N. J. 

Koines, Charles W., Nyack, N. Y. 

lee, David C., Jr., Bishop, Tex. 

Leiffers, William C., Long Beach, Calif. 
Liermann, Theodore F., Schenectady, N. Y. 
Lockhart, Roy E., Highland, Ind. 

Mann, Alfred, Long Beach, Calif. 


| McFatter, William E., Lake Charles, La. 


Mentzer, Cyril L., Philadelphia, Pa. 
Molander, Lars E., South Charleston, W. Va. 
Nixon, William A., Media, Pa. 

Noon, W. L., Walnut Creek, Calif. 
Ostrander, David L., Chicago, Ill. 

Parker, James L., Jr., Beaver, Po. 
Perdue, Derril W., Nitro, W. Va. 

Potts, John D., Minneapolis, Minn. 
Reynolds, William M., Long Beach, Calif. 
Rice, Robert H., Buffalo, N. Y. 

Ruhlin, William B., Baton Rouge, La. 
Schneider, Gilbert G., Hollywood, Calif. 
Schuh, Russ, Niagora Falls, N. Y. 


| Seng, Wendelin C., Jr., Winnetka, Ill. 
| Shaw, John K., Bellerose, N. Y. 


Shivalingiah, B., W. Lafayette, Ind. 
Siegel, Bernard, Long Beach, Calif. 
Simon, Lawrence M., Chicago, Ill. 
Skovholt, Donald J., N. Augusta, S. C. 


| Soderberg, John Peter, Whiting, Ind. 


Stone, Herbert L., Cincinnati, Ohio 


| Swingholm, Ralph S., Lyons, Ill. 


Turner, E. W., Pittsfield, Mass. 


| Voss, Ernst, Galveston, Tex. 


Walker, Albert, South Charleston, W. Va. 
Wetzel, Roland H., Wilmington, Del. 
Wise, William T., Bartlesville, Okla. 


Aerofin is sold only by manufacturers of nationally 


advertised fan system apparatus. List on request. | Zmudzinski, Edwin S., Scotio, N. Y. 
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co 
RATOGRAP HC 
SET POINT 


Graphic indication of process limits 
e@ Flange-ito-flange flush mounting 
@ Fully interchangeable in seconds 


Drum dial, linkless mechanism 


Fixed reading-point improves speed of 
scanning 


@ Scale-set adjustable high low operating 
guides and alarms 
Fits panel space only 24” x 54” 
@ Plug-in unit easily removed with finger yet with 534” long, readable 
jack for check or change scale in keeping with 42% accuracy. 
Unique, new “graphic guides” mark high / low operating range, are 


gp TOCRAPENE an adjustably mounted on scale drum and carry switch trippers to 
Completely described actuate alarms or take emergency action. Rotating drum dial and 
and illustrated in fixed reading point permit large, easily read figures and open, 
Catalog 55-10. Write uniform scale. Building block construction of Ratographic indi- 
hor it today. cators permits field addition of alarms and guides to the basic 


precision pneumatic indicator. Illustrated are two indicators 
which form a control selector station accessory for remotely 
mounted controllers. 


*Trade Mark of Fischer & Porter Co 


FISCHER & PORTER CO. 


2160 County Line Road, Hatboro, Penn. 


Ratographic miniature indicators | 
AR Ses ‘om 
e 


Assure 


in your plant with 
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BROWN FINTUBE Secttoual HEAT EXCHANGERS 


@ Avoid the loss in efficiency that results from just a 
few thousandths of an inch of deposit on the tubes, by using Brown Fintube 
Sectional Exchangers for every heating and cooling service. 


The longitudinal passages of Brown Fintube Sections control the 
material flow, eliminating baffles and the back eddies that encourage 
fouling. Their greater heating surface — 2 to 8 times that of bare tubes — 
permits more BTUs to be transferred at lower temperature per square foot 
of surface, minimizing “coking” and charring. Brown Fintube Sections are 
easy to clean — and — by simply manifolding a few extra sections into the 
unit, one stream after another can be taken off line for cleaning while the 
rest — always thoroughly clean — carry the unit's full rated capacity, year 
after year — without any shut-downs. 


Efficient heating, is only one of Brown Fintube’s many advantages. 
You'll find full details in our Bulletin No. 512. It will give you ideas. 


R Oo WwW N Eas Tonk Cor 


Heaters 
Sectione! Heat Tank Suction Meoters 


INTUBECO. 
Elyria. Ohio a 


Process Heaters Tent Meeters Fired Indirect Meoters 


NEW YORK * BOSTON * PHILADELPHIA * PITTSBURGH * BUFFALO * CLEVELAND * CINCINNATI * DETROIT * CHICAGO * ST. PAUL © ST. LOUIS 
MEMPHIS * BIRMINGHAM * NEW ORLEANS * SHREVEPORT * TULSA * HOUSTON * DALLAS * LOS ANGELES * SAN FRANCISCO * and ST. THOMAS, ONT. 


— 


Secretary’s Report 


S. L. TYLER 


The Executive Committee met in the 
Offices of the Institute, New York City, 
May 8. and received the Treasurer’s re- 
ports and approved Minutes of the prev- 
ious meeting. All those whose names 
were listed in “C.E.P.” for April, 1953, 
were elected to the grades of member- 
ship indicated with the exception of two 
applicants whose cases will require fur- 
ther consideration. 

Sixty-three Student members were 
elected. Three members were placed on 
the Suspense List because they entered 
the Armed Forces and two members 
were removed from it since they had 
returned to civilian life. 

R. S. Fey was appointed counselor of 
the student chapter at the University of 
Maryland to succeed J. H. Bilbrey, Jr. 
Arthur Rose was appointed counselor of 
the student chapter at Pennsylvania 
State College succeeding D. S. Cryder. 

R. D. Sheeline was appointed repre- 
sentative of the Institute at the dedica- 
tion of the New School of Engineering 
and Architecture Building at Howard 
University, Washington, D. C. 

The Council of the Institute met at 
The Chemists’ Club on May 8; only one 
member was absent. The Minutes of 
previous meetings were approved. 

The resignation of C. R. DeLong as 
Treasurer of the Institute was accepted, 
effective June 1, 1953, and G. G. Brown 
Was appointed as his successor. 

L. P. Scoville, chairman of the Pro- 
gram Committee, appeared before Coun- 
cil and discussed important matters. 

The Auditor's report for 1952 was 
presented, discussed and accepted, and 
ordered published. 

Upon recommendation of the Institute 
Sections Committee, approval was given 
to the application for local section status 
from the Tidewater Virginia Chemical 
Engineers Club to become the Tidewater 
Virginia Section of the Institute. 

Recommendations were received and 
approved from the Chemical Engineer- 
ing Education and Accrediting Commit- 
tee on the accreditation of the chemical 
engineering curriculum at 17 schools. 

J. C. Elgin was appointed Institute 
representative on the Division of Chem- 
istry and Chemical Technology of the 
National Research Council for a three- 
year term beginning July 1, 1953. N. A. 
Shepard was appointed Institute repre- 
sentative on the Division of Engineering 
and Industrial Research of the National 
Research Council for a three-year term 
beginning July 1, 1953. 

The next meeting of the Council was 
scheduled for June 15 in New York City 
with the agenda carrying special policy 
matters to be discussed in detail. 
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For precisely controlled 
metering and proportioning 
of small volume flows... 


... the HILLS-McCANNA 
“U” Type Proportioning Pump 


© The Hills-McCanna "U” Type Pump is designed to continuously 
meter and proportion small flows of the order of 0.10 to 24 gallons 
per hour per feed. Its accuracy and reliability suit it for research, 
pilot plant operation and full scale processing alike. The “U" type 
pump is suitable for batch or continuous operations. 
Typical examples of “U” type pump applications include: 
© Continuous addition of air entraining agents during cement 
manufacturing operations. 
© Continuous injection of internal phosphate treatment and 
sodium sulphite oxygen scavenging in boiler plant water 
treatment. 
@ Injection of gasoline gum inhibitors into finished gasoline. 


© Proportioning low molecular weight polymers and catalyst 
solution in resin research. 


The new “U” Pump Catalog, UP-52, gives 

full information on the type pump 

ag wen res plus extensive application data including 
specific service recommendations for han- 

dling over 300 substances. Write for your 

copy, today. HILLS-McCANNA CO., 2438 

W. Nelson St., Chicago 18, Ill. 


HILLS-McCANNA 
Also Manufacturers of: Saunders Patent Diaphragm Valves 
Force Feed Lubricators * Magnesium Alloy Sand Castings 
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“HEAT EXCHANGERS 


CHEMICAL mracess INDUSTRIES 


It means specialized experience the 
fabri ation pletely integrated heat 


Dependable in performance 4 
Rugged in construction... 

Designed for easy service .. : : 


wr of and mechanical 
gineers is availa in 
so ing your pre on 


© cordially solicit your inquiries, 


DAVIS ENGINEERING 


1064 FAST GRAND STREET 
4 NEW JERSEY 


ROCKEFELLER PLATA 
NEW YORK 20 NEW YORK 


TREASURER’S REPORT 


The accompanying balance sheet and statement of income and 
surplus have been examined by F. W. Lafrentz and Co., certified public 
accountants of 100 Broadway, New York, N. Y., and in their opinion 
present fairly the financial position of the American Institute of Chemi- 
cal Engineers at December 31, 1952, and the results of its operations 
for the year then ended, in conformity with generally accepted account- 
ing principles applied on a basis consistent with that of the preceding 
year. 


C. R. DeLONG, Treasurer 


AMERICAN INSTITUTE OF CHEMICAL ENGINEERS 
COMPARATIVE BALANCE SHEET, DECEMBER 31, 1952 AND 1951 


Assets 


Current Assets: 
Cash on hand and demand deposits 
U. S. Government and other securities, at 
cost including accrued interest and 
dividend (total market value and re- 
demption value, 1952, $96,390.50; 
1951, $95,757.00) 


$181,104.83 $110,110.83 


97,613.63 96,480.55 


Accounts Receivable: 
Membership dues and entrance fees, less 
reserve for doubtful accounts . . 
Advertising, subscriptions, etc. . . 
Meetings advances 


$ 1,170.32 $ 
14,780.59 
1,200.00 


1,478.50 
12,115.64 
2,300.00 


17,150.91 15,894.14 


Inventory, at cost: 
Paper stock 
Postage stamps 


. $ 5,851.85 $10,390.10 


6,918.07 463.85 10,853.95 


Total Current Assets $302,787.44 


$233,339.47 


Deposits at U. S. Post Office and United Air 
Lines, Inc. 

Furniture and fixtures, at cost less depreciction : 

Deferred charges 


1,118.02 
14,821.83 
374.90 


1,040.31 
10,878.14 
176.05 


$319,102.19 $245,433.97 


Trust and Special Funds: 
Cash on deposit 
Investments at cost, (quoted market value 
$2,917.50) 


$38,743.42 


2,955.00 41,698.42 


Total 


$360,800.61 $245,433.97 


Liabilities 
1952 1951 

Current Liabilities: 
Accounts payable, printing and other expenses . 


$ 6,678.15 $ 11,431.24 


Total Current Liabilities $ 11,431.24 

Deferred Income: 
Dues 
Subscriptions 
Other 


$ 6,678.15 


. $92,475.62 
12,034.83 
1,266.00 


$54,023.65 
10,337.69 
105,776.45 1,887.22 
Reserves: 
Chemical Engineering Education Projects 
Fund 
Student Meetings Fund 
Frederic E. Bowman Fund 
Magazine publication program .. 


$ 2,394.44 


50,386.54 26,614.90 29,050.60 


Surplus 156,261.05 138,703.57 


$319,102.19 $245,433.97 

Trust and Special Funds, Principal: 
Albert E. Marshall Fund 
Research Committee Project . 


38,698.42 41,698.42 


Total $360,800.61 $245,433.97 


(Continued on page 56) 
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No two water treai- 

ment problems are 

exactly alike. To get 

the best — and most 
economical answer to your specific problem 
requires careful analysis of raw water composition, 
rate of flow and the results you require. 


There is no magic formula . . . no single equip- 
ment unit that will give ideal results under all con- 
ditions. That’s why it will pay you to check both 
conventional and high-rate units on every water 
treatment problem. 


For a brief picture of the complete Dorr equip- 


ment line ask for Bulletin #9141. The Dorr Com- 
pany, Stamford, Conn. 


Rbpeat orcier in 1950 “proves out” a “conventional” 
installation made in 1948. 


Quick facts about the Dorrco instaliction at the 
Hollingsworth & Whitney Co., Chickasaw Mills, Mobile, Alabama 
1948 . . . First order installed with a design capacity of 10 MGD. 

2 Dorrco Flash Mixers 
1 Dorrco Flocculator 
1 Dorrco Squarex Clarifier, 85' square 
Operating Results... 
Raw water: Color — 65-70 ppm 
Row water: Turbidity — 3.5-3.9 ppm 
Finished water: Color — 3 ppm 
(Dosage in ppm: Alum 20, Soda Ash 15, Chlorine 3 to 5) 
1950 . . . Second order installed with design capacity of 16 MGD. 
(Total design capacity: 26 MGD) 
1 Dorrco Flash Mixer 
2 Dorrco Flocculators 
2 Dorrco Squarex Clarifiers, 75’ square 
Flocevlator and Squorex ore trademorks of THE DORR COMPANY —Reg. U.S. Pot. Off. 


Every day, nearl ly 6 8 billion gallons of water are treated by DORR equipment. 
“Bitter tools TODAY te mest tomorrows demand 


DORRCO 


WORLD - WIDE RESEARCH - 


ENGINEERING + EQUIPMENT 


THE DORR ENGINEERS STAMFORD, CONN. 
Offices, A or ® i in principal cities of the world. 
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TOPS FOR SPOT 
pH, CHLORINE 
TESTS 


Taylor Model T-O Com- 

porator for pH. Slides available for 

pH as low as 0.2 oF as high as 13.6. Phos- 
phate slides work on same base. Chiorine 
comparators also available. 


TAYLOR 
COMPARATORS 


with 
GUARANTEED COLOR 
STANDARDS 


Taylor Comparators use 
the familiar colorimetric method of 
comparison . . . but without the need 
for handling fragile single standards. 
Each complete set of Taylor Liquid 
Color Standards in sturdy plastic slide, 
many slides usable on one base 


many determinations can 
be made in a matter of seconds, others 
take no longer than two minutes. 


you can carry the light- 
weight set to the testing spot, no 
necessity for carrying solution samples 
back to the lab. 


because all Taylor Liquid 
Color Standards are unconditionally 
guaranteed against fading, thus there 
is no chance of mechanical inaccuracy. 


for Taylor sets or write direct 
for free copy of this informe- 
tive handbook, "Modern pH 
and Chierine Control”. De- 
scribes theery of pH and 
chlorine control, illustrates 


AND 


W. A. TAYLOR 


412 RODGERS FORGE RO. + BALTIMORE 4, MD 


TREASURER’S REPORT 


(Continued from page 54) 


COMPARATIVE STATEMENT OF INCOME AND SURPLUS 
FOR THE YEARS ENDED DECEMBER 31, 1952 AND 1951 


INCOME: 


Membership dues 
Less allocation to subscriptions (a $4.50 
per member Ar 


Membership entrance fees . 
Magazine income 

Emblems and binders, net sales 
Surplus from meetings ..... 
Income on investments 


Total income 


EXPENSES: 


General Operations: 

Magazine expenses . 

Salaries and commissions .... 

Employees Retirement Plan 

Federal Insurance Contributions 

Rent and electricity 

Printed material, stationery, postage, 
telephone and telegraph 

Meetings expenses, travel, etc. .. 

Auditing and insurance 

Awards 

Provision for 
and fixtures 

Provision for doubtful accounts—dues .. 

Miscellaneous . 


depreciation— furniture 


Other Expenses: 


Participation and contributions to pro- 
fessional groups 

Committee expenses 

Sundry publications, cost less sales . . 


Total expenses .. 


Net income for year 
Surplus at beginning of year . 


Deduct: 


Reserve for magazine publication program $55,000.00 
8,257.55 


Less net expenditures to end of year 


Surplus at end of year 


$175,122.11 


55,306.85 $119,815.26 


. $125,700.65 
. 154,833.75 
4,356.31 
1,496.06 
13,066.66 


30,118.13 
11,737.03 
1,959.72 
1,677.19 


2,646.25 
3,262.00 
4,360.63 


$799.48 
3,125.89 
1,414.98 


1951 
$166,452.47 


1952 


53,724.54 $112,727.93 
14,030.00 

206,388.18 

899.85 

2,270.96 

1,500.65 


14,934.00 
258,874.23 
900.41 
1,363.03 
2,352.83 


$398,239.76 $337,817.57 


$109,064.07 
121,784.65 
4,898.32 
1,197.06 
12,801.00 


18,540.07 
11,110.03 
1,364.85 
1,806.59 


1,994.99 
3,021.60 
3,711.16 


$355,214.38 $291,294.39 


$3,464.40 
1,787.19 
1,790.17 


5,340.35 7,041.76 


$360,554.73 $298,336.15 


$ 37,685.03 
165,318.47 


$ 39,481.42 
125,837.05 


$203,003.50 $165,318.47 


$ 55,000.00 


$ 46,742.45 28,385.10 $ 26,614.90 


$138,703.57 


$156,261.05 


INDUSTRIAL GRANTS WERE INCREASED IN 1952-53 


Over a thousand college scholarships 
and made available 
during the past year by chemical and 


fellowships were 
related companies, according to a survey 
just completed by the Manufacturing 
Chemists’ Association, Inc. The grants 
ranged in value from $300 to $5,000 a 
year. This represents a substantial in- 
crease over previous years, the Associa- 
tion said. 

The M.C.A. survey showed a total of 
34 companies providing 1,036 scholar- 
ships and fellowships having an annual 
value of $1,618,000. This does not in- 
clude funds given to educational institu- 
tions in the form of grants-in-aid or in 
support of research. 
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Of the total grants to students, 611 
were scholarships available to under- 
graduates, while 425 were fellowships 
open to students doing graduate or post- 
graduate work, chiefly in engineering 
or the natural sciences. Generally, the 
grants were turned over to selected col- 
leges and universities, which in turn 
chose the recipients and administered 
the scholarships, the Association said. 
It further stated that a recent and grow- 
ing practice is for the contributing com- 
pany to provide, in addition to student 
assistance, a grant-in-aid to the college 
during the life of the scholarship to help 
defray general operating expenses. 
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The Central Virginia Section held a 
dinner meeting at the Hotel Albemarle, 
Charlottesville, Va., April 1953, at 


which seventy-one members and guests 
were present. head of 
the . told 
about the work of this committee during 
the past vear. In an effort to educate 
the high school students on the 


functions of 


George C. Gross, 


Sectional Education Committee 


various 
chemical engineering, he 
said that 790 high school students were 
contacted and 1200 pieces ol literature 
One of the main points 
brought out that at least 60° per 
cent of the students contacted were de 
ficient in mathematics. J. H. Mallinson, 
reported the meeting. 


disseminated. 


Was 


At the annual and last meeting of the season 
on April 24, (Boston Section) 
were presented with a double-barrelled program 


ichthyologists 


on crime detection by Captain Frank Wilson of 
the Homicide Squad of the Boston Police Depart- 
ment and Frank Stratton, biological chemist, 
Bureau of Criminal Investigation of the Boston 
says A. G. 


included descriptions, 


Police Department. 
Smith, 


sions, and slide illustrations of actual cases in 


The program, 
secretary, discus- 
the Boston Police Department records. 

Elections were also held at the annual meet- 
ing and the following members were voted into 
office for the 1953-54 season: 


Kingfish (Chairman)—Randolph Ant 


LOCAL SECTION 


PACIFIC-WESTERN 


Built for years 
of economical, 
heavy-duty service! 


Fleven double reduction 
estern vertical agitator drives uith 
75 HP motors occupy minimum floor 
area in installation with capacity of 
450 tons of bleached pulp per day 
Available in single, double and triple units 
Write for Booklet No. 5408 
Address your request to nearest 
Pacifiic-Western othce 


Drives.. 


.. Complete Service Available... 


GEAR 


Monulacturers of PACIFIC-WESTERN Geor Products 


Pacific Western 1V -64, vertical 
triple reduction drive unit 


Check these outstanding features .. . 


Vertical electric drive saves space 


Full range of ratios, from 12 co 1 
through 400 to | with DV or 
TV 


Low speed shafts equipped with heavy 
duty tapered roller bearings eliminate 
need for separate thrust bearings 


Lubricating systems especially designed 
to meet every application 
Scavenging pump systems eliminate all 
en | of oi! leakage around 

yw speed shaft 


Modern vertical drives are considerably 
less expensive than old style 

right-angle drives 

Simple, compact design and 
construction reduces installation 

and maintenance cost 


Witte, we oF yeu nearest Pacific Western office 


Plants . Ave Seattle Washengter 
me 
tre 
N Palmer St 
Representotives N Spuhene Washing 
Portiand 14 
ne Tene 


Godfrey L. Cabot, Inc. 

Mackerel (Vice-Chairman)—William C. Rous- 
seau, Badger Manufacturing Co. 

Smelt (Secretary)—Arthur G. Smith, Mon- 
santo Chemical Co. 

Shark (Treasurer)—Craig W. Angell, Artisan 
Metal Products Co. 


Old Dixie Barbecue was the 


scene on 
May 19 of a meeting of the Southern 
California Section when Frank Kuenzly, 
plant manager, Shell Chemical Corp., 
Ventura, Calif., talked on synthesis of 
ammonia in the United States. S. Gi. 


Sevougian, 
that Mr. 
and recent developments in the ammonia 


held, 


reporting the meeting, 
Kuenzly covered the 


say 
history ot 


A recent meeting of the Cleveland Section 
consisted of a student presentation. J. Ennis, 
Case Institute of Technology, gave a talk “DMC 
Miticide Production.” talk 
was by T. Rivenbork. “The 
Effect of Resin Additives on the Strength of 
Portland Cement.” 


The Fenn College 
His subject was 


An advisory panel from the 
membership questioned the students and made 
comments on their papers. The panel consisted 
of the following men: A. E. Chute, A. G. McKee 
Co., C. E. Ford, National Carbon Co., D. W. 
Rohb, B. 4. Goodrich Chemical Co., and G. G. 
Thompson, Standard Oil Co. of Ohio 

Wilfred H. Charbonnet sent a report on this 
meeting. 


(More Local Section on next page) 
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MINCO dead-weight gages are 
primary standards for direct, 
precise measurement of pressures 
up to 100,000 psi, and for calibra- 
tion of other types of gages such as 
Bourdon tube gages, manganin 
gages, piezo-electric gages, and re- 
sistance-wire strain gages applied 
to pressure systems. 


An accuracy of measurement of one- 
tenth of one per cent of the pressure 
being read, in ranges up to 100,000 
psi, is guaranteed. The diameter of 
the piston is checked by the National 
Bureau of Standards to the nearest 
0.00001 inch, and the weights are 
carefully standardized. 


OTHER AMINCO 
SUPERPRESSURE PRODUCTS 


Reaction Vessels 
Valves ¢ Fittings « Tubing 
Pumps and Compressors 
Complete Pilot Plants 
Instruments 


AMERICAN INSTRUMENT INC. 


Silver Spring, Maryland + In Metropolitan Washington, D. C 
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SEND FOR PSC 


BUBBLE CAP BULLETIN 21 


Largest Compilation of Engineering Data. 
Lists 200 Styles Furnished Without Die Cost. 


This standard reference contains complete 
specification information for over 200 
standard styles of bubble caps and risers. 
Also drawings for use in determining 
methods of tray assembly. All styles list- 


ed in Bulletin 21 are furnished promptly, 
without die cost, and in any alloy to meet 
your coking or corrosion problems. Special 
caps gladly designed; 
write as to your needs. 


THE PRESSED STEEL CO., 708 N. Penna. Ave., Wilkes-Barre, Pa. 


Custom Fabricators for the Process Industries Since 1928. Send Your Blue Prints 


« 


4 


180 pages of valuable ideas, layouts, specifications... 


you need this new 


catalog and planning guide 


featuring 


the most modern laboratory furniture and equipment. 
See how Metalab’s exclusive sectional design gives you 
unlimited opportunity for “‘custom-building” your lab. Find 


out how you can satisfy your exact needs. . 


. without 


paying custom-made prices. It’s the year’s most valuable 
aid to laboratory planning. Don’t miss it. 


SECTIONAL LABORATORY FURNITURE AND EQuipmenT by 


METALAB Coy. 


246 DUFFY AVE., HICKSVILLE, L. I., 


N. Y. 


Metalab Equipment Corp., 246 Duffy Ave., Hicksville, L. 1., N. 


Please send me without chorge o copy of your new 
180 poge monvel on laborotory planning 
om also interested in your free loboratory engi 


Nome 


ing ond pl 


Firm 


Address 


Sales engineers 


Zone Stote 


City 


in principal cities 


pre 
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Members of the Chicago Section were a pep- 
pery group on the evening of April 22 for a 
dinner meeting at the Builders Club when 
“Keeping Posted with the A.I.Ch.E.,” a panel 
discussion featuring Institute affairs, attracted a 
large crowd. W. T. Nichols, President of the 
Stephen Tyler, Secretary, and F. J. 
Van Antwerpen, editor of Chemical Engineering 


Institute, 


Progress, were present and heard such subjects 
discussed as the following: 

Institute Management—what are its short- 

comings? 

Junior Membership—its representation. 
Council Meetings—what happens at them? 

See next issue for report on the election of 
new officers. 


Section, 


secretary of the Detroit 
reported that on May 5, in 
and D of the Engimeering 
Detroit, Collin M. Doyle. 
and manager ot 
centrifuga 


actors 


arron 


ooms © 
Society of 
Vice president 
Podhielniak 


solvent 


sales 


ike 


on 


The specker ot the April meeting of the 
Northern California Section was G. L. Langsdorf, 
Standard Oil Comp 
was “Oil from the Near East.” 
importance and extent of Near East petroleum, 


y of California. His subject 


in discussing the 


he was able to draw on a considerable back- 
ground to present a talk that was both enter- 
taining and informative, according to D. F. 
Rynning, reporter. 

At a previous meeting, E. D. Howe, associate 
dean, College of Engineering, University of Calli- 


fornia, discussed sea water refining. 


\ progress report on the activities of 
Haute Section was sent in by 
jankoftf, secretary. 
\pril 28 the following officers 
elected for the next vear: B. 5. 
Chas. Phzer & Co., 
Bankoff. Polytechnic 
vice-chairman; B. L. Lubin, 
secretary, and 


the Terre 
S.G 
On 
were 
(Juin, 
a. 


chairman: 
Insti- 
Com- 


Rose 
tute, 
mercial Solvents Corp., 
D. Thompson, Commercial Solvents 
Corp., treasurer. T. W. Cundiff, Chas. 
Phizer & Co.. C. W. Stahl, Du Pont, and 
W. Russell, Ohio Oil Co.. make up 
the committee, 

James Reichelt. chief engineer. 
& formerly chief, chemical 
construction division, National Produc 
tion Authority, spoke on “Tlow to Make 
Your Way Around Washington.” M1 
Reichelt outlined the functions and or 
N.P.A 
examples of how it operates. 

This Section has established an award 
at Rose for the 
expenses of the student who participates 
annual Regional Student Chapter 
This vear the award went 
Klaus, who spoke at the 
Detroit \pril 11 on 


executive 
Chas. 


ganization of the and gave some 


Polytechnic, paying 
in the 
Conference. 
\lan 


University of on 


“Coal Hydrogenation.” 


For news of the Philadelphia-Wilmington Sec- 
tion, see the story of the Zeisberg Awards on 


page 20. 


(More Local Section on page 60) 
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Loren P. Scoville, Jeflerson Chemical Co. 


San Francisco, Calif., Fairmont Hotel, Sept. 
13-16, 1953. 

TECHNICAL PROGRAM CHAIRMAN: R. W. 
Moulton, Head, Dept. of Chem. Eng., Uni- 
versity of Washington, Seattle, Wash. 
Annuval—St. Lovis, Mo., Hotel 
Dec. 13-16, 1953. 

TECHNICAL PROGRAM CHAIRMAN: R. M. 
Lawrence, Monsanto Chem. Co., St. Louis 


Jefferson, 


4, Mo 

Washington, D. C., Statler Hotel, March 
8-10, 1954. 

TECHNICAL PROGRAM _ CHAIRMAN: 
George Armistead, Jr., Consult. Chem. 


Eng., George Armistead & Co., 1200 18th 
St. N.W., Washington 6, D. C. 

Springfield, Mass., Hotel Kimball, May 16- 
19, 1954 

TECHNICAL PROGRAM CHAIRMAN: E. B. 
Fitch, Asst. to Res. Dir., The Dorr Co., 
Westport, Conn 


lon Exchange 

CHAIRMAN: N. R. Amundson, Dept. of 
Chem. Eng., Univ. of Minnesota, Minne- 
apolis 14, Minn 

MEETING—-San Francisco, Calif. 

Mixing 

CHAIRMAN: J. H. Rushton, Dept. of Chem. 
Eng., Illinois Inst. of Tech., Chicago, Ill. 
MEETING—San Francisco, Calif. 

Transport Properties 

CHAIRMAN: J. L. Franklin, Res. Assoc., 
Humble Oil & Refining Company, Baytown, 
Texas. 

MEETING—San Francisco, Calif. 

Applied Thermodynamics 

CHAIRMAN: W. C. Edmister, Calif. Res. 
Corp., 576 Standard Ave., Richmond, Calif. 
MEETING—San Francisco, Calif. 

Fluid Mechanics 

CHAIRMAN: R. W. Moulton, Head, Dept. 
Chem. Eng., Univ. of Washington. Seattle, 
Wash 

MEETING—San Francisco, Calif. 

Distillation 

CHAIRMAN: D. E. Holcomb, Dean of Eng., 
Texas Technological College, Lubbock, Tex. 
MEETING—St. Louis, Mo. 

Dust and Mist Collection 

CHAIRMAN: C. E. Lapple, Dept. of Chem. 
Eng., Ohio State University, Columbus 10, 
Ohio. 

MEETING—St. Louis, Mo. 

Drying 

CHAIRMAN: L. E. Stout, Dept. of Chem 
Eng., Washington Univ., St. Louis 5, Mo. 
MEETING—St. Louis, Mo. 

Use of Computers in Chemical Engineering 
CHAIRMAN: John R. Bowman, Head, Dept. 
of Res. in Phys. Chem., Mellon Institute of 


query the Chairman of the A.LChE 
wishes to present the paper 
120 East 41st Street, New York 17, N 
earbon of the letter should go 
of the Technica 
complete and approved by 


the national 


and a copy of the Guide to Speakers 


delivers his paper in the best manner 


should be sent to the Editor's office 
cannot be considered 


Vol. 49, No. 6 


FUTURE MEETINGS AND SYMPOSIA OF A.1.Ch.E. 


Chairman of the A.I.Ch.£. Program Committee 


MEETINGS 


SYMPOSIA 


Authors wishing to present papers at a scheduled meeting of the A.I.Ch.E. 
Program Committee, Loren P 
copy of the letter to the Technical Program Chairman of the meeting at which the 
Another carbon should go to the Editor, F 
'. If the paper is suitable for a symposium 
to the Chairman of the Symposia, instead of the Chairman 
Program, since symposia are not scheduled for any meeting until they are 
Before authors begin their 
manuscripts they should obtain from the meeting Chairman a copy of the Guide to Authors, 
The first book covers the preparation of manuscripts, 
and the second covers the proper presentation of papers at A.L.Ch.E 
tions of papers are judged at every meeting 


Program Committee 


260 Madison Ave., New York 16, N. Y. 


Ann Arbor, Mich., Univ 
Arbor, Mich., June 20-25, 
ence on Nuclear Engineering 

TECHNICAL PROGRAM CHAIRMAN: D. L. 
Katz, Chairman, Dept. of Chem. and Met. 
Eng., Univ. of Mich., 2028 E. Eng. Bidg., 
Ann Arbor, Mich. 

Glenwood Springs, Colo., Hote! Colorado 
Sept. 12-16, 1954. 

TECHNICAL PROGRAM CHAIRMAN: Prof. 
C. H. Prien, Dept. of Chem. Eng., Univ. 
of Denver, Denver 10, Colo. 
Annual—New York, N. Y., Statler Hotel, 
Dec. 12-15, 1954. 

TECHNICAL PROGRAM CHAIRMAN: G. T. 
Skaperdas, Assoc. Dir., Chem. Eng. Dept., 
M. W. Kellogg Co., 225 Broadway, N. Y. 
7,N.Y 

ASST. CHAIRMAN: N. Morash, Titanium 
Div., National Lead Co., P. O. Box 58, 
South Amboy, N. J 


of Mich., Ann 
1954—Confer- 


Industrial Research, Pittsburgh 13, Pa 
MEETING—St. Louis, Mo. 

Heat Transfer 

CHAIRMAN: D. L. Katz, Chairman (Ad 
dress: See Ann Arbor Meeting). 
MEETING—-St. Louis, Mo. 

Carbonization 


CHAIRMAN: R. S. Rhodes, Asst. Mgr., 
Prod. Dept., Koppers Co., Inc., Koppers 
Bidg., Pittsburgh 19, Pa. 
MEETING—St. Louis, Mo. 
Industrial Waste Disposal 
CHAIRMAN: K. S. Watson, Coordinator, 
Waste Treatment, Mfg. Facilities Serv. 


Dept., Gen'l. Electric Co., 202 State St., 
Schenectady, N. Y 

MEETING—St. Louis, Mo 

Nuclear Engineering 

CHAIRMAN: D. L. Katz, Chairman (Ad- 
dress: See Ann Arbor Meeting). 
MEETING—Ann Arbor, Mich. 

Reaction Kinetics 

CHAIRMAN: N. R. Amundson, Dept. of 
Chem. Eng., Univ. of Minnesota, Minne- 
apolis 14, Minn. 

MEETING—New York, N. Y. 

Liquid Entrainment and Its Control 
CHAIRMAN: H. E. O'Connell, Ethy! Corp., 
P. O. Box 341, Baton Rouge, La. 
Absorption 

CHAIRMAN: R. L. Pigford, Div. of Chem. 
Eng., Univ. of Delaware, Newark, Del. 
Centrifugation 

CHAIRMAN: J. O. Maloney, Chairman, 
Dept. Chem. Eng., Univ. of Kansas, Law- 
rence, Kan. 

Nucleation Processes 

CHAIRMAN: E. L. Piret, Dept. Chem. Eng., 
Univ. of Minn., Minneapolis 14, Minn 


should first 


Scoville, with a carbon 


J. Van Antwerpen, 


meetings Presenta 


and an award is made to the speaker who 
Winners are announced in Chemical Engineering 
Progress, and a scroll is presented to the winning author at a meeting of his loca! section 
Since five copies of the manuscript must be prepared, one should be sent to the Chairman 
of the symposium and one to the Technical Program Chairman of the meeting 
the Technical Program Chairman if no symposium is involved and the other three copies 
Manuscripts not received 120 days before a meeting 
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TECHNICAL 
MOLYBDENUM 
TRIOXIDE 


The lowest cost raw ma- 
terial for the production 
of all Molybdenum 
compounds, including 
Molybdenum Orange, 
Molybdenum Vermilion, 
and Molybdated pigment 


colors. 


Our development department 
will gladly take up with you any 
problems involving the applica- 
tion of Molybdenum. 


MOQ 
Climax 


Company 
500 Fifth Avenue 
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LOCAL SECTION NEWS 


(Continued from page 58) 


The Ohio Valley Section held its May meeting 
on the fourth at the Engineering Society Head- 
quarters in Cincinnati. 

After the dinner a business meeting was held. 
Officers elected for year are: Ted 
Wiehe, chairman; Stanley N. Baechle, vice-chair- 
man; Sven Englund, secretary; and Robert St. 
John, treasurer. 


the next 


This was the annual student night when by 
custom the program consists of two papers pre- 
sented by students ot the University of Cincin- 
nati. Raphoel Kotz presented a paper titled, 
“Mass Transfer in Fluidized Beds,” 
Caldas gave a paper ‘Measurement of Surface 
Temperature of Solids.” 


and Isadore 


An all-day Symposium on Fat and Oil Indus- 
tries was held at the Engineering Society head- 
quarters in Cincinnati, Ohio, on April 24, 1953. 
The symposium was sponsored by the following 
local sections of A.I.Ch.E.: Ohio Valley, Akron, 
Cleveland, Central Ohio, and Pittsburgh, Pa. 
About ninety registered for the Symposium. 

The papers, reported by N. W. Morley, were 
as follows: 


THE SUPPLY AND THE CONSUMPTION OF OILS 
AND FATS by R. A. Duncan, associate director 
of chemical division, Proctor and Gamble Co. 


TRANSESTERIFICATION OF FATS by L. J. Arm- 
strong, assistant division manager, New Prod- 
ucts, and A. Mudrak, group leader, organic 
department, The Horshaw Chemical Co. 


SOME NEWER USES OF FATTY ACIDS AS BASIC 
RAW MATERIALS by Richard R. Egan, chief 
chemist, The Gerson--Stewart Corp. 


REVERSION IN EDIBLE FATS AND OILS by B. F. 
Daubert, assistant manager, laboratory section, 
The Koppers Co. 


RECENT ADVANCES IN THE UTILIZATION OF 
ANIMAL FATS AND OILS by Waldo C. Ault, 
head of the 
Regional Research Laboratory, U. S. Department 
of Agriculture. 


animal fat division, Eastern 


SOME PROCESS TRENDS IN THE FATTY OIL 
INDUSTRY by H. L. Barnebey, H. L. Barnebey 
Chemical Processes, Pittsburgh, Pa. 


AN ELECTROLYTIC CELL FOR REGENERATION 
OF CHROMIC ACID by J. D. Fitzpatrick and 
R. P. Rolfes, Emery Industries, Inc. 


The thirty-ninth general meeting of 
the East was held 
May 14, in the Library, research labora- 
tories, Eastman Co., 
thirty-six members and guests present. 

Howard Kehde, of the Union Oil 
Company of California, guest speaker, 
talked on the Hypersorption process for 
gas separation. Toy F. Reid, secretary- 
treasurer, reported that the talk was well 
received by the audience. 


Tennessee Section 


Tennessee with 
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PNEUMATIC & 
HYDRAULIC 
Equipment 


ane 


For air, oil, water, gas or steam opera- 
tion —in standard and special diameters 
and stroke lengths. 


Write for Bulletin 500 


For operating air and 
hydraulic cylinders 
and motors, single and 
double acting. Hand, 
foot, power and sole- 
noid operated. 


Write for Bulletin 1000 


For power operation 

B and remote control of 

ly line valves. Adaptable 
' to most any make, size 

and type of valve, to 

Operate against any 

line pressure, for any 

fluid medium, with any 

pressure. 

Write for 

Bulletin 512 


High pressure oil, 
from plant air 
supply. For clamping, 
drawing forming, 
testing and other 
operations requiring 
long high pressure 
cycles without vibra- 
tion or overheating. 
Ready for connection 
to plant air and hy- 
Graulic lines. 


Write for Bulletin 4000 


VALVES © CYLINDERS 
AIR-HYDRAULIC PUMPS & BOOSTERS 
VALVE ACTUATORS © AIR HOISTS 
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The Western New York Section toured the = 
Ford Motor Co.'s stamping division on May 28 | Is 
and enjoyed both the trip and the roast beef coRe 


director of engineering, chemical division, Corn | 
Products Refining Co., talked about process de- assures dependable 


velopment in the food and agricultural industries 


James W. Casten, reporter, announced that co m m uU n i c a ti ° n 


this was the last formal meeting of the season. 


Thirty-six members attended the dinner and EXPLOSION 
cpproximately a total of forty attended the PROOF 


talk. 
These handsets are approved by 

“Opportunities in’ Chemistry and Underwriters Laboratories for use 

in hazardous locations — Class 1, 
Chemical Engineering was the topic | Group 
of a panel discussion held May 26, 1953, With weatherproof construction, 
in the Jewett City High School auditor- | | these sound powered handsets may N 
ium by the Eastern Connecticut Chem be used for either permanent or ~ 

ical Engineers Club. Moderator of the Eaui - 

>. Equipped with press - to - talk Approved by 
panel discussion was L. W. Bass, direc switch .. . No batteries, of course. Underwriters 
tor of industrial research, Arthur D WRITE DEPT. V FOR CATALOG sahecutasion 
Little Co. 

The Eastern Connecticut Chemical 


Engineers Club was founded about six- UNITED STATES INSTRUMENT CORPORATION 


teen months ago to fulfill the need for SUMMIT++*NEW JERSEY 


a professional group in eastern Con 


recticut where chemical engineers and HAND SETS 


chemists might meet socially as well as INDUSTRIAL 
to exchange scientific information. 

Names of the officers of the club tor 
1953, as reported by E. W. Blase, chai 
man of the Publicity Committee, are: 
Norman Greenman, Rogers  Corp., 
chairman, Ray Rosenfield, New Eng L -4 
land Chemical Works, vice-chairman, 
and Sol Elmasian, Plastic Film Corp., 
Sec.-Treas. 


OESK-WALL 


AND MINE 
SYSTEMS 


HEAD SETS 


Frank L. Steakley was the speaker ot a re- 
cent meeting of the Nashville Section. His sub- 
ject was “lon Exchange Resins.” Bob Nance 
reports thot Dr. Steakley is the director of the 
chemical technology division, Oak Ridge Na- 
tional Laboratory, Oak Ridge, Tenn. 


Recent doings of the New York Sec- 
tion were reported by Bernard H. Rosen, 
publicity chairman. He referred to the 
talk given by D. R. Burtsfield, Merck 
& Co., at the Brass Rail, Fifth Avenue, 
New York, on May 19. The subject 
was “Ten More Years of Life,” which 


covered the large-scale manufacturing 
of antibiotics. At this meeting new off- 
cers were elected as follows: 


F. White, chairman; R. Shaffer, vice- 
chairman; S. Adler, treasurer: W. T. 
Dorsheimer, secretary; and R. Morton, 


member-at-large. 


The next meeting scheduled for 
12:00 noon on June 18 at the Brass Rail, i ce 
Seventh Avenue, New York, when W ' ar 


P. Gage, president of Grace Chemical 


icals,” a “why-and-how” account of the Write lee NOZZLE CATALOG. 


W. R. Grace Co.'s entry into the chem P AY EN G | N R | N G C 
ical field. 


Because of space limitations considerable mo- uf ; 432 CENTRAL STREET . SOMERVILLE 45, MASS. 


terial was held out of this issue. 
—H.R.G. 


Co., will discuss “From Ships to Chem 
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Nicholson Steam Traps 


CUT KETTLE TIME 30% 


for Leading Processor 


HIGH-PRESSURE FLOATS— 
Stainless, monel, steel or plated 
steel. Welded. In all sizes and 

shapes; for operating mechan- 


isms or as vessels. Quick 
delivery. BULLETIN 
650. 


Va" 


Records of a recent installation of Nicholson 
steam traps, by a large processor, show 
they cut kettle time 30%. For example, one 
operation was shortened from 65 to 45 
minutes. Nicholson units keep equipment 
full of live steam because: 1) they operate 
on lowest temperature differential; 2) have 
2 to 6 times average crainage capacity; 
3) maximum air-venting capacity. See why 
leading plants are in- 
creasingly standardiz- 
ing on Nicholsons. 


| 
Type AHV 


5 TYPES for Every Use—process, heat, power. Size 


to 2”; press. to 250 ibs. BULLETIN 152. 


214 Oregon St., Wilkes-Barre, Pa. 


TRAPS -VALVES FLOATS 


for the 
exacting 
answers 
to your 
filtration 


problems... 


When you consider the many advant- 
- ages of Sperry Filter Presses, you can 
- quickly understand why hundreds of 


FILTER PRESSES 


Sperry Filter Presses offer greater 
economy — low first cost, minimum 
maintenance and long life . . . require 


; manufacturers throughout the country __ less floor space . . . handle any kind 

~ — . depend on Sperry for solving indus- of filterable mixture . . . and use 

trial filtration problems of every kind. practically any kind of filter material. 
°° For the complete story, ask for the big free Sperry catalog. 


R. SPERRY & CO. satavia, nunois 


wns Filtration Engineers for More Than 60 Years 


Eastern Sales Representative: 
George S. Vashon, 908 Nepperhan Avenue, 


Yonkers 3 


Western Sales Representative 


B. M. Pithashy, 833 Merchants Exchange 


Yonkers 5-8400 San Francisco 4, California DO 2-0375 


— 


— 
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PEOPLE 


NEW APPOINTMENTS 
BY WESTVACO 


H. A. Sommers has been appointed 
chief engineer by the Westvaco Chemi- 
cal Division of 
Food Machinery 
and Chemical Corp 
Since joining West- 
vaco in 1950, Som- 
mers has been 
assistant chief en 
gineer with re- 
sponsibility for the 
Intermountain 
Chemical soda ash 
plant 
at Green River, Wyo. A graduate of 
Case Institute of Technology, Mr. Som 


development 


mers has been with Mathieson Chemical 
Corp. as project engineer and works 
manager for its magnesium chlorine 
plant at Lake Charles, La., and, later, 
chief engineer and assistant to the vice 
president, director of operations 
Robert J. DeLargey, formerly gen 
eral assistant to the operating vice 
president, has been 
appointed director 
of engineering 
Prior to joming 
Westvaco in 1951 
he was assistant 
general manager ot 
(jrove Regulator 
Co., Oakland, Calit.. 
and former super 
intendent of Shell 
Chemical’s am 
monia plant in Pittsburg, Calit. He ts 


a chemical engineering graduate of Case. 
Gordon A. Cain, on the general de 
velopment staff of Westvaco Chemical 


Division, has been 
promoted to gener- 
al assistant to the 
operating vice-pres 
ident, W. N. Wil 
Mr. Cain is 
a chemical engi 


hams. 


neering graduate of 
State 
University, and has 


Lousiana 


heen associated with 
Sulphur, 
Previous to joming 


Freeport 


and Merck & Co. 
Vestvaco in 1951, 


chemical consulting work 


he was engaged in 


Harold G. Donnelly, formerly pro- 
fessor of chemical engineering, has be 
come head of the chemical and metal 
lurgical department 
Wayne University. 


engineering 


Harry P. Donohue has recently been 

| taken into the firm of Godfrey L. Cabot. 

Inc., Boston, Mass. He will be working 

in the applications research and tech 

nical service section. Donohue received 
his B.S. degree from Tufts College. 
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As Simply, Quickly, 
Easily as Taking 
Temperature Readings 


SYNCHRO-LECTRIC 


VISCOMETER 


Adaptable to any. prob- 
lem from less than one 
to 32,000,000 « 
es. Send for free illus- 
trated catalog. 


Just a flick of a switch, then 
read the Brookfield dial, and you 
have your viscosity determination 
in centipoises. The whole opera- 
tion, including cleaning up, takes 
only a minute or two. 

Available in a variety of models 
suitable for extremely accurate 
work with both Newtonian and 
non-Newtonian materials, Brook- 
field Viscometers are portable and 
plug in any A.C. outlet. Write 
today. 

Address: Dept. H, Stoughton, Mass. 


ENGINEERING LABORATORIES. INC 


BROOKFIELD 


PLATE FABRICATION 


CHROME IRON ALLOYS 
CARBON STEEL 
CHROME NICKEL 

SILICON BRONZES 

MONEL e ALUMINUM 

NICKEL CLAD STEEL e ETC. 


Towers, Pressure Vessels and General 
Plate Fabrication manufactured with 
trained personnel and up-to-date 
equipment. Our Engineers will assist 
in designing to meet your require 
ments 


Good Design — Right Material — 
Expert Workmanship at a Fair Price. 
HEAT EXCHANGERS A SPECIALTY 


Fabricators and Designers for More 
han 30 Years 


Write us, today, for helpful literature. 


DOWNINGTOWN IRON WORKS, INC, 
DOWNINGTOWN, PA. 


STEEL # ALLOY PLATE FABRICATION 
HEAT EXCHANGERS 


treal 


Division of Pressed Steel Tank Co., 
Milwaukee, Wis. 


Vol. 49, No. 6 


Robert E. Siegfried and William D. 


McDonough have recently been added 
to the process engineering group of 
Badger Manufacturing Co., Cambridge 
Mass. His previous experience in 
process and project engineering for 
Ek. B. Badger & Sons Co. was in Bos 


ton and EF. B. Badger & Sons, Ltd. in 


R. E. Siegfried W. D. McDonough 


Prior to Mr. MeDon 
ough’s association with Badger, he 
Lederle 


American Cvyvanamid Co 


(great Britain 
Was 
with laboratory division of 
amd chennecal 
plants division of Blaw-Knox Construc 
on vegetabl 


tion Co. engaged in work 


oil extraction, solvent recovery and coal 


tar processes 


AARON ROSE WINS 
FULBRIGHT FELLOWSHIP 
\aron 

chemical en 

University, St 


Rox protessor ot 


Washington 


and member 


gineermg at 
Louis 


ship committee chairman for the St 


Louis Section of A.LCh.1 has been 
awarded the Fulbright Fellowship to the 
University of Nanev. France, for the 


1953-54 academic year Hie will lecture 
in French on chenneal engmeering unit 
operations at the University of Naney 


which was founded in the sixteenth cen 
tury. 


G. E. Evans, who has been m charge 
of production control at the Kobuta 
plant, Koppers Chemical Co., Inc., ha- 
been transferred to Pittsburgh to be 


assistant to the 
thon manager 


come division pro: liu 


The F |. Stokes Machine Co iis 
appointed J. William Robinson man 
ager of its new 
Canadian branch in 
Montreal From 
1948 to Mi 
Robinson was con 
nected with the en 
division 
of Imperial Onl 
Limited, 


emeermg 


in Sarnia, 
Ont 195] 
until he joined 
Stokes, he was with 
Courtaulds (Canada) Limited, in Mon 

first commer 

cial intelligence unit 


Krom 


as manager of its 
and later, in charge 
of sales development of industrial appli 


cations for raven 


(More About P ople on page 65) 
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CLEAN 


SEPARATION 


between vapor 
and liquid 


YORKMESH 


are installed in: 


VACUUM TOWERS 
DISTILLATION EQUIPMENT 
GAS ABSORBERS 
SCRUBBERS 

SEPARATORS 
EVAPORATORS 
KNOCK-OUT DRUMS, ETC. 


YORKMESH Demisters (entrainment sepa- 
rators—mist eliminators) have proved to be 
the answer to higher production and im- 
proved products when installed in new or 
existing equipment. 


YORKMESH Demisters (made of finely 
woven wire) remove substantially all liquid 
entrainment even at increased vapor veloci- 
ties. The net result: More production with 
higher quality. 


How YORKMESH Demisters work: 


1. Vapor disengaging from liquid 
creates fine liquid droplets. 


2. The liquid droplets impinge 
and coclesce into lorge drops 
and fall off 


3. The vapor is now dry, entirely 
freed from entrained liquid. 


Materials: Types 430, 304, 316 Stainless Steel, Monel, Carbon 
Steel, etc. Prompt shipment. 


Write for new Catalog 13 for 
complete information and 
engineering data. 


TEST - STUDY - CONTROL 
‘1, 
1 
| 
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| 73 Glenwood Place, Orange, N. J. 
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CLASSIFIED SECTION 


Advertisements 


monograph 
and 
| symposium 
series 


Latest volume— 


HEAT TRANSFER—Atlantic City | 

(No. 5 in Symposium Series, 162 pp., 
ig $3.25 to members, $4.25 to non- 
members) 


in the Classified Section of Chemical Engineering Progress are payable in 
advance, and are placed at 15¢ a word, with a minimum of four lines accepted. Box number 
counts as two words. Advertisements average about six words a line. Members of the 
American Institute of Chemical Engineers in good standing are allowed one six-line insertion 
(about 36 words) free of charge per year. More than one insertion to members will be 
half In using the Classified Section of Chemical Engineering Progress it is 
agreed by prospective employers and employees that all communications will be acknow! 
edged, and the service is made available on that condition. Boxed advertisements are available 
at $15 per inch. Size of type may be specified by advertiser. In answering advertisements al! 
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made at rates 


Other volumes— 


SYMPOSIUM SERIES 

(82 by 11, paper covered) 
Ultrasonics—two symposia 

(87 pp., $2.00 to members, $2.75 to 


nonmembers) 


Phase-Equilibria— Pittsburgh 
and Houston 


SITUATIONS OPEN 


CHEMICAL ENGINEERS—B.Ch.E. or M.Ch.E. 
recent graduates or up to three years’ ex- 
perience Must have good scholastic 
record, Excellent opportunity exists for use 
of initiative in interesting development 
work. Duties will include thermodynamic 
and process calculations, and pilot plant 
design and operation. The location, in a 
suburb of New York City, offers attractive 
living and working conditions and oppor- 


CHEMICAL ENGINEER Not over 
years’ industrial experience. Technical and 
administrative assistant in modern Mid- 
south petroleum refinery. State experience, 
education and salary requirements. Box 4-6. 


two 


CHEMICAL ENGINEERING PROGRESS 
120 East 41 Street, New York 17, N. Y. 


Name 


Address 


(138 pp., $3.75 to members, $4.75 to 
nonmembers) 


Phase-Equilibria—Minneapo- 

lis and Columbus 

(122 pp., $3.75 to members, $4.75 to 
nonmembers) 

Reaction Kinetics and Trans- 

fer Processes 


(125 pp., $3.75 to members, $4.75 to 
nonmembers) 


tunity for pursuing graduate study. Box 3-6. 


RESEARCH STATISTICIAN 


Experienced person wanted who can 
handle advanced statistical problems 
in the design of experiments and the 
evaluation of the results for a large 
food and chemical research laboratory 


LUBE BLENDING AND 
PACKAGING SUPERVISOR 


Responsible for the operations of a 
modern blending and packaging plant 
which is a part of a complete refinery 
of an independent oil company in the 
Southwest. Must have thorough knowl 
edge of drum reconditioning, drum and 
can filling, box car shipping, and lube 


MONOGRAPH SERIES 
(8 by 11, paper covered) 


Reaction Kinetics by Olaf a. | 
Hougen 
(74 pp., $2.25 to members, $3.00 to 


nonmembers) 


Price of each volume depends on number 
printed. Series subscriptions, which allow 
a 10% discount, make possible larger runs 
and consequently lower prices. Discount 
applies to all volumes in both series pub- 
lished in 1952 ard subsequent years. 


——-—— Mail This Coupon — — — - 


{] Please enter my subscription to the CEP 
Symposium and Monograph Series. | 
will be billed at a subscription discount 
of 10% with the delivery of each 
volume. 

Please send: 

CJ 


copies of Heat Transfer—Atlantic City. 
copies of Reaction Kinetics and Trans- 
fer Processes. 
copies of Phase-Equilibria— Minneap- 
olis and Columbus. 
copies of Phase-Equilibria—Pittsburgh 
ond Houston. 
copies of Reaction Kinetics. 
Bill me. [] Check enclosed (add 
3% sales tax for deliv- 
ery in New York City) 


in the New York City area. Please send 
résumé of training and experience. 
Box 15-6 


oil blending operations. College degree 
preferred. Salary open subject to expe 
rience and qualifications. Box 2-6. 


SITUATIONS WANTED 
A.1.Ch.E. Members 


ENGINEERING MANAGER AVAILABLE — 
Chemical engineer with background in 
complete plant Fe and preparation and 
analysis of budgets for existing and pro- 
posed saductrial installations. Bulk of 
previous experience in detergent, pharma- 
ceutical, and organic chemic fields. 
N. Y. preferred. Box 1-6. 


JUNIOR EXECUTIVF. 


BUDGETING AND FINANCIAL ANALYSIS 
28, 


B.Ch 
Six years’ 


plus business administration 
experience budgé@ting multi-plant 
operations; analyzing sales, costs and 
profits; aiding management on variety of 
business problems. Box 10-6. 


CHEMICAL ENGINEER M.S. 27. Honor so 
cieties. Publications. Four years’ indus- 
trial experience in process development and 
design; major work in distillation processes. 
Technical data and thermodynamic correla 
tions Two years’ teaching experience 
New York area preferred. Presently em 
ployed Minimum salary $8,000. Box 11-6 


a CHEMICAL OR PROCESS 
ES—tLive wire chemical 
CHEMICAL ENGINEER Ph.D. Eight personality, appearance and sales aptitude, 
industrial research and pilot plant desires sales connection with progressive 
rience. Desire opportunity to work manufacturer or distributor. Six years re 
management. Box 6-6 search, development, production, paints, 
lacquers, explosives, pharmaceuticals, allied 
chemicals, etc B.Ch.E. Age 28, single 
Box 12-6 


PROJECT ENGINEER 


neer. Carnegie Tech 


Position wanted by 
BS.Ch.E. age 28 Six years’ diversified 
design, operations, and development expe 
rience. Wish to use engineering background 
to solve management and business prob 
lems. Box 5-6 


EQUIPMENT 
wears’ engineer with 
‘expe 


into 


CHEMICAL ENGINEER —Ph.D. Interested in 
coordination of research or in intra- or 
intercompany liaison activities. Ten years’ 
experience in petroleum, teaching, and in 
dustrial consulting work. Registered P.E.. 
publications, book, present salary $8,600. 
Box 7-6 


hemical 
Five years’ experience 
in heavy chemical plant design, construc- 
tion and start-up operation. Interested in 
responsible position in pilot plant, develop 
ment, or production work. Age 31, married 
Box 13-6. 


CHEMICAL ENGINEER— 38, veteran. Seven 
years of varied experience in research and 
development as project engineer and super- 
visor of pilot plant operation in high- 
vacuum metallurgy.. Desire challenging po- 
sition with medium-sized company. Box 
14-6 


TEACHING RESEARCH- Chemical 


neer (Ph 1953) Age 34, married. 6', 


Engi- 


CHEMICAL Eleven years’ 
plant-centered experience organic chemicals 
(antibiotics and plastics). Mainly supervis- 
ing and performing trouble shooting, proc- 
ess development, equipment selection, start- 
up, and establishing operating procedures 
Age 33, married. Box 8-6. 


CHEMICAL ENGINEER PROCESSING 36 
Registered engineer. M. S. (1945) Varied 


engi 
petroleum design, operation and 


experience, 


[] Associate [] Junior | 


Nonmember 


[] Active 
{_] Student 
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Desire more responsible position 
Prefer New York City area, but 
to right position. Reply 


years of ad hing experience. Research ex 
perience on plate efficiency in a bubble-cap 
colurnn and unsteady-state absorption. Chi 
nese citizenship. Box 16-6 


teaching 
in design 
would relocate 
Box 9-6 
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PEOPLE 


Henry H. Sineath has been appointed 
to the newly created position of assist- 
ant to the director 
of Georgia Tech's 
Engineering Ex- 
periment Station, 
Atlanta, Ga. He 
joined the Station 
in 1951 and prior 
to his new appoint- 
ment served as a 
research engineer 
in charge of a gov- 
ernment 


- sponsored 
project to determine industrial needs for 
raw materials derived from plants not 
native to the United States. His previ- 
ous experience includes supervision of 
a pilot plant for International Minerals 
and Chemical Corp. and several years as 
post various U. S. 

Corps of Engineers installations 


engineer at Army 


Albert M. Stover, formerly manager 
of Marvinol plastics development, has 
heen appointed assistant to the director 
of research and development of the Nau 
gatuck Chemical division, United States 
Rubber Co. In his new assignment Mr. 
Stover will work principally on the de- 


velopment of new products. A graduate 


of Yale. Mr. Stover has been with 
Naugatuck Chemical since 1949. At 
Glenn L. Martin he had been director 


of development for the chemical division. 


Cary R. Wagner is presently presi 
dent of the Synthetic Organic Chemical 
Manufacturers Association of the 
United States. Dr. Wagner returned to 
private consulting practice in 1952 after 
he resigned as senior vice-president of 
General Aniline & Film Corp. Effec 
tive May 19, 1953, he resigned from the 
boards of General Dyestuff Corp., and 
General Aniline & Film Corp 


Food Machinery and Chemical Corp 
has announced the 
Franklin Farley as 
management 
sultant to its chem- 
ical divisions ad 
ministrative staff 
in New York City 
Mr. Farley's busi 
ness experience in 
cludes service with 
Arthur D. Little, 


appointment of 


con- 


Inc... Cambridge, 
Mass., the Phos- 
phate Mining Co., of which he was 


treasurer and in charge of operations, 
and for the past twelve years vice-presi- 
dent in charge of the phosphate division, 
International Minerals & Chemical 
Corp., Chicago, I. 


(More About People and Necrology 
on page 66) 
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YOUR FILTERING PROBLEM A SPECIAL ONE? 


Then it’s even more important that you find out what PORO-STONE filtration can do. Shown 


ADAMS © permanent filter media 


PORO-STONE ° backwash without disassembly 


‘ 


FEATURES 


‘packaged’ ready for use 
e with or without filter aid 


below is an Adams packaged plont for 
continuous filtration af molten phospho- 
rus. Whether “special” or “standard” 
your filtering problem is met by experi- 
enced engineering and competent pro- 
duction at R. P. Adams 


Write for Bulletin No. 431 
240 PARK DR. 


R. P. ADAMS co., INC. BUFFALO 17, WN. Y. 


‘ 


Wood Sole 
SHOES 


for the 


Chemical Plant Shoe 
Style 1230 


CHEMICAL INDUSTRY 


Resistant to chemicals, acids, 


salts, oils, water and heat. 
Superior to leather or rubber 
in many operations; less slip- 
ping in wet processing. Cost 
Sizes for 
5 to 12. 


Steel safety toe optional. 


less—wear longer. 
men and women: 


Send for Catalog 


STAHMER SHOE CO. 


Davenport 10, lowa 
Established 1900 


Chemical Engineering Progress 


For high-speed 

intensive blending 

and refining of 
PULPS — SLURRIES — 
LIQUIDS — SOLIDS 


THE GRUENDLER No. 24 
TURBO-HOMOGINIZER 


Used to prepare filter aids and for pre- 
paring pulps for diffusions and extract. 
tions. For reclaiming and refining wood 
wastes, agricultural fibers, bagasse, straw, 
flax cotton linters and the like. 


Information on request 


GRUENDLER 


CRUSHER & PULVERIZER CO. 
2919 N. Market St. St. Louis 6, Mo. 
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freedom from metallic 
impurities. Unusual elec- 
‘Wical Best 


transparent quality). 


tin No. 18 for. 
specifications 
and prices. 


RSE 


THE THERMAL SYNDICATE LTD. 


14 BIXLEY HEATH 


LYNBROOK, N. Y. 


FOR EXACTING 
TECHNICAL APPLICATIONS 


VITREOSIL* (vitreous 

ica) tubing possesses 
_many characteristics you 
seek. A few of its proper-_ 
are: Chemical ond: 
_ fulness up to 1000 C and © 

under extreme thermal 
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Wendell W. Waterman, director of 
research and development, Morton Salt 
Co., Chicago, Hl., 
is now coordinat- 
ing activities of the 
company’s new re- 
search and devel 
opment organiza- 
which will ex 
pand research in 
the field of salt 
products and proc- 
and engage 

in chemical process 
Waterman held posi- 
tions im the development and process 
engineering divisions of Standard Oil 
Development Co., Publicker Industries, 
and Rust Design Co. 
joining Morton in 1952. 


tron, 


cevelcpment. Dr. 


Process prior to 


Arthur R. Broadman has recently 
heen elected vice-president in charge of 
engineering and purchasing by the di- 
rectors of the Heyden Chemical Corp 
He has been assistant vice-president in 
charge of engineering since 1948, and 
is a director of St. Maurice Chemicals, 
Limited. He joined Hevden’s engineer 
ing division in 1939. From 1944 to 1945 
he was production superintendent at 
Cherokee Ordnance Works. Danville. 
Pa., and from 1946 to 1947 he was pro- 
duction superintendent 
Ordnance Works, 


H. L. Hilleary, group leader, was ap 
pointed assistant superintendent of the 
laboratory in charge 


at Morgantown 
Morgantown, W. Va. 


of general techni 
scheduling, and refinery eco 
nomics work at Standard Oil Co. ( Ind.) 
Mr. Hilleary with 
Standard in 1947 as a chemical engineer 


J. E. Troyan ha- 
manager of development. 
Mathieson Chemical Research and Engi- 
Division, Mathieson Chemical 
Corp., Baltimore, Md. He has been with 
Mathieson 1949, first 
of experimental engineering and 


cal service, 


hecame associated 


been appointed 


process 
neering 


as director 
later 
research and 
engineering at Niagara Falls, N.Y. 


since 


as associate director of 


Necrology 


Chemical Engineering Progress has 
recently heard of the death of the fol- 
lowing: 


Charles Fisher Ritchie, 
technical director of the Uranium 
ject) Division, Mallinckrodt 
Works. Mr. Ritchie. a 
California Institute of Technology in 
1922, with American Potash and 
Chemical Co, in Trona, Calif., for nearly 
twenty vears before 


krodt in 1945, 


assistant 
Pro- 
Chemical 
graduate of 


Was 
going to 
Laverne T. Heaps, manufacturing 


alkvd plant. General 
Electric Co., Schenectady, N. Y. 


enginecr, resin 
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Explosion and 
Waterproof Controls 


The 
above is an explosion proof, two 
switch temperature control. Each 
switch operates an independent 
circuit and may be set for differ- 
ent temperatures. 


Burling Model VD-2X 


Other Burling Features 
300° F. to 


Electric or Pneumatic 


Range from — +1800 F 
One, two, or three Micro Sw'tches 
Differential Expansion of Solids 

No liquids—no goses 


For controls, safety alarms, cut-outs 
Send for Catalog G-18 


Burling Instrument Company 


‘Burling 


1 Vose Avenve \Controls / 


South Orange, New Jersey J 


BIND 


12 
COMPLETE 
ISSUES 


for 
$975 


Never thicker than its contents, this 
binder expands to hold 12 issues of 
Chemical Engineering Progress. 

No drilling, no punching, does not 
mar magazines. 

Available for all years, with Chemical 
Engineering Progress, volume number 
and year stamped in gold on the back- 
bone. Delivery 4 to 6 weeks. 


Enclose check or money order. 


Use coupon below for order. 


CHEMICAL ENGINEERING PROGRESS 
120 E. 41st St. 
New York 17, N. Y. 6 53 


binder(s), 
following 


Gentlemen: I enclose $.... for 
@ $2.75 each, for each of the 


years: 
Name 
Address .. 


Zone 


State... 


June, 1953 
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SATIN SURFACE | 
32 mm. bore, opaque to f 
4)" bore. Available for 
prompt shipment. Larger 
diameters can be supplied 
“Can be hadinall 
— 
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_ FOR MEASURING TANK 
CONTENTS ANY DISTANCE AWAY 


HYDROSTATIC 
GAUGES 


FOR ALL PURPOSES 


UEHLING INSTRUMENT CO. 


C-R EVACTORS 


CROLL-REYNOLDS CO., INC. 


New York Office: 17 John Street, New York 38, N. Y. 
CHILL-VACTORS 


PRESSURE VACUUM DRAFT 
DEPTH & ABSOLUTE PRESSURE 
BAROMETRIC PRESSURE 
DIFFERENTIAL PRESSURE 
SEND FOR BULLETINS 


487 GETTY AVE., 
PATERSON, N. J. 


MEET CORROSION PROBLEMS 


The chemical industries are employing more and 
more Croll-Reynolds Evactors in vacuum proc- 
esses where corrosion resistance is a major con- 
sideration. These steam jet vacuum units provide 
pressures ranging from a few inches to a few 
microns. Croll-Reynolds is a pioneer in the use 
of new construction materials and our engineers 
are investigating corrosion problems continually. 


Stainless steels, Monel metal, Beryllium copper, 
Ni-Resist, PMG metal, hard lead, special bronzes, 
Hastelloy, and Illium are but a few of the special 
metals which find their way into our equipment. 
Carbon is used extensively as a lining material, 
and many plastics including Teflon and synthetic 
materials are used for making complete Evactors. 


Consult our engineers for high vacuum equip- 
ment carefully designed for your specific condi- 
tions, and constructed of materials selected for 
your particular conditions. 


Main Office: 751 Central Avenue, Westfield, New Jersey 


STEAM JET EVACTORS CONDENSING EQUIPMENT 
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THE PRESIDENT 


A man who has been diligent and eflective in the 
service of the Institute recently said that the members 
of A.LCh.E. ought to decide whether they are electing 
men to office in order to get a job done, or merely to 
honor these members. He points out the fact that each 
policy may bring into service entirely different indi- 
viduals. ‘This is true. For a variety of reasons men, 
whose contributions to the profession of chemical 
engineering are extremely significant, may not always 
make good Institute officers. They may by temperament 
wish to avoid the management duties, which are in- 
escapable, or they simply may have professional re- 
sponsibilities which prevent the unavoidable travel 
involved. At the present time, Institute affairs are of 
such a nature that much of the leadership is supplied 
by volunteer effort. In accordance with tradition, the 
paid staff of the Institute is engaged to, carry out the 
plans made by the members. Indeed until the recent 
past any attempt on the part of the paid staff to furnish 
leadership to a significant extent would have been 
viewed with alarm by many members. 

The A.LCh.E. is becoming so complex that we shall 
soon have to look to our paid staff for leadership and 
to carry out many of the projects now handled by vol- 
unteers from the membership. Just now we are in a 
transition period when we have many problems requir- 
ing attention, too many, in fact, for comfort and yet 
our budget will not stretch far enough to hire all the 
help we need. You should know, though, that Council 
is working on these matters and in time we shall come 
up with a worth-while solution. Meanwhile, we are 
keeping our Vice-President busy. He is no mere figure- 
head and he is working shoulder to shoulder with me 
in developing a program of accomplishment that will 
extend through Mis administration and beyond. Just 
as soon as we know whom you elect Vice-President for 
1954, we shall get with Aim to continue this process of 
advance planning for sound practices and effective 
organization. Incidentally, you ought to be getting 
your thoughts in good order for the nomination ballot 


which will soon reach you. 


I have run across a comment somewhere to the effect 
that Institute leadership (or professional society leader- 
ship—I forget which) is monopolized by people who 
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SAYS 


We have the Walker Award and the Professional 
Progress Aword 


have the “management viewpoint,” whatever that is. 
Assuming that this necessarily would be bad (which 
I don't believe) and assuming that this means people 
who are relatively high up in industrial organizations, 
it certainly isn’t true in A.LCh.E. I have the Yearbook 
before me and, as I look at the names of those who 
have been officers or directors, I am sure no one could 
argue reasonably that any one viewpoint has been 
represented to the exclusion of all others. We have had 
people cutting across the entire scope of the profession 
in the high councils of our organization. 

Anyone who has sat through many Council meetings 
must have been impressed with the fact that many and 
diverse viewpoints are represented and that no indi- 
vidual and no clique controls either Council or the 
AA.Ch.E. 1 can tell you that the President gets his 
lumps from Council any time he gets off base, and I 
wouldn't have it any other way. 


Perhaps election to ofhce isn’t the best way to do 
honor to the chemical engineers who deserve to be 
honored, anyway. We have the Walker Award and the 
Professional Progress Award, for example, and the 
opportunity to nominate some of our members for the 
Perkin Medal Award. ‘There has been some talk, from 
time to time, about establishing some sort of Academy 
of Chemical Engineering to which eminent chemical 
engineers could be elected in order to recognize their 
professional achievements. When I observe the pro- 
fessional accomplishments of some of our members who 
do not seem ever to be considered for Institute offices, 
I feel extremely humble and wish there were other 
tangible ways to bring distinction to these men. To 
be truthful, I do not believe some of these men would 
be especially interested in serving as officer or director. 
I would welcome suggestions for some new ways to 
recognize and signal the great work being done by 
chemical engineers in the advancement of chemical 
engineering in theory and in practice. 

I believe my friend was right. We ought to take 
thought whether we are electing men to honor them, 
or to get a job done. 


Ureh 


June, 1953 
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For economy in tower manufacture and maintenance, design must be practical from 
the standpoint of material used and shop fabricating techniques. Understanding of tower 
sizing and tray hydraulics is also important. 

Vulcan has long experience in the design and manufacture of towers for fractionation, 
absorption and extraction and can give proper evaluation to all factors. 

Vulcan towers are available in one piece or in sections, with one-piece trays or sectional 
trays removable through manholes. Trays may be of the bubble cap, baffle, or sieve type. 
Materials of construction run the range of present day metals and alloys. 

Why not send Vulcan your tower or tray problem today? 


\r 


ULCAN MANUFA TURING DIVISION 


“The VULCAN Correr & SUPPLY CO., General Offices and Plant, CINCINNATI 2, OHIO 


NEW YORK BOSTON PHILADELPHIA SAN FRANCISCO 
VICKERS VULCAN PROCESS ENGINEERING CO., LTD, MONTREAL, CANADA 


DIVISIONS OF THE VULCAN COPPER & SUPPLY CO.: 
VULCAN ENGINEERING DIVISION @ VULCAN MANUFACTURING DIVISION @ VULCAN CONSTRUCTION DIVISION @ VULCAN INDUSTRIAL SUPPLY DIVISION 
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FLUID MIXING for your process 
is developed with modern test 
equipment, such as this pilot plant 
set-up for heat transfer study. 


How to he SUE of fluid mixing results 


Don't be satisfied with “just average” fluid 
mixing. 

There’s a tremendous bonus in having 
the mixing researched and engineered to fit 
your process. 

You can often get sensational time sav- 
ings—cut process time down from hours 
to minutes. 

Correct mixing can give you tight control 
of a critical process. Control of dissolving 
rate, gas bubble size, crystal size, heat 
transfer coefficients. 

You can often combine mixing operations 
—stack up a series of tanks into a vertical 
column to save plant space, process time, 
equipment cost. 


THESE SERVICES COST YOU NOTHING 
At Mrxco you'll find: 
1. A large staff of engineers who spe- 
cialize in fluid mixing. 
2. Detailed data on thousands of suc- 
cessful mixer installations. 
3. Scale-up methods that are guaranteed 
accurate. 
4. Full guarantee of successful results. 
You can save many months by using these 
unique engineering facilities, without cost 
or obligation. Write us today for full details 
about engineered fluid mixing and what it 
can do for you. 
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DH-50 Laboratory Mixers 


oO B-75 Portable Mixers (electric 
ond air driven) 


MIXING EQUIPMENT Co., Inc. 


199 Mt. Read Bivd., Rochester 11, N. Y. 
In Canada: William & J. G. Greey, Ltd., Toronto 1, Ont. 


Please send me the catalogs checked ot left. 


| WN _ 

(CD B-102 Top Entering Mixers 

(turbine and paddle types) 
(CD 8-103 Top Entering Mixers Compony 

(propeller type) 
B-104 Side Entering Mixers 
8-105 Condensed Catalog 

(complete line) 
(CD 8-107 Mixing Dota Sheet State 


TOP ENTERING — turbine 
ond paddle types. Sizes 
1 to 500 HP. 


SIDE ENTERING — propel- 
ler type. Sizes 1 to 25 HP. 


PORTABLE — electric or 
oir driven. Sizes Ve to 3 HP. 


MIXCO fivid mixing specialists 


is studied by means of testing is done in tonks as 
: timum balance of flow to insure scale-up accuracy. 
— 
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